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@ So great has been the interest in the Char-Mo 
furnace, first shown at last year’s Metal Show, that 
it again will be shown in operation at this year's 
show in Chicago. If you have not seen this out- 
standing furnace in operation don’t miss this op- 
portunity of seeing it 

You will be able to see for yourself the ease, 
simplicity, and certainty with which molybdenum 
alloy and other steels—both high speed and car- 
bon—are heat treated without decarburization and 
without the use of borax or other protective coat- 
ings. There is no fuss, no bother, no worry about 
those expensive tools of yours when treated in 
the Char-Mo furnace. Borax or other protective 
coatings are eliminated by the use of a self-gen- 
erated atmosphere, the composition and flow of 


which can be easily 


and quickly varied to be BERE 
in equilibrium with all Builder 

NG 
types of steels. Char-Mo ul pERAT 
yous 
cont! 


SEE THIS 


ATMOSPHERE 


The Char-Mo furnace is licensed 
for use under Atmospheric 
Control Patents owned by The 
Sentry Company, Foxboro, Mass. 


REMARKABLE NEW 


FURNACE IN ACTION! 
... SEE IT TREAT 
“MOLY” STEEL WITHOUT 
DECARBURIZATION! 


The Char-Mo furnace is available in both the preheat and superheat 
type as shown above. The atmosphere gas is generated in a self- 


contained generator which forms an integral part of the superheat 
furnace. The preheat furnace is supplied with atmosphere gas from 
the generator in the superheat furnace In addition to the hori- 


zontal muffle type furnace as shown, the Char-Mo furnace is also 
available in a vertical muffle or pit type 


atmosphere is a mixture of balanced carbon 
oxides largely diluted with inert nitrogen and 
is produced in a generator which is an integral 


part of the superheat furnace. 


Even if the nature of your work does not re- 
quire a Char-Mo furnace you are still cordially 
invited to visit our booth in the gas section. 
There will be on hand a competent staff of en- 
gineers who will be glad to discuss with you any 
heat treating problem you may have. 


SURFACE COMBUSTION CORPORATION * TOLEDO, OHIO 
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A. Finkl & Sons Company, 
Chicago, Illinois, use this 
8,000 ib. Erie Double Frame 
Steam Hammer in turning 
out the forgings for which 
they are famous...another 
4,000 lb. Single Frame Erie 
is also in service in the 


Finkl Forge Shops. 


ERIE FOUNDRY CO. 


ERIE, PENNSYLVANIA, U.S.A. 


DETROIT CHICAGO INDIANAPOLIS 
335 Curtis Bldg. 549 Washington Blvd. 335 Postal Station Bidg 
FRANCE CANADA ENGLAND 


Fenwick, S.A John Bertram & Sons Co., Ltd Burton, Griffiths & Co., Ltd 
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Uniform Results 


Lower Costs 


with Ryerson Certified Alloys 


You can reduce failures—eliminate spoil- 
age and get better results in less time with 
Ryerson Certified Alloy Steels. They are from 
selected heats of steel that meet an ideal 
specification—a “specification within a speci- 
fication” —that assures uniform response to 
heat treatment. 


All Ryerson Certified Alloys are analyzed 
and tested in advance. Special data sheets 
showing exact chemical analysis, grain size, 
cleanliness rating, and results of actual heat 
treatment tests, are prepared and sent with 
every shipment. You know exactly what 


Principal products in stock for Imme- 
diate Shipment include—Bars, Struc- 
turals, Shafting, Plates, Alloy Steel, 
Tool Steel, Spring Steel, Iron and 
Steel Sheets, Stainless, Babbitt, Strip 
Steel, Weiding Rod, Tubing, etc. 


you are getting. Your heat treater does not 
have to test. He takes no chances. Spoilage 
is eliminated and sound dependable jobs of 
high accuracy and uniformity are secured. 


Ryerson has large and complete stocks of 
these selected identified alloy steels. They 
cost no more and quick shipment is assured. 


Ryerson Certified Steels also include car- 
bon, tool and stainless steels that meet defi- 
nite quality standards. They offer many 
advantages to steel users. Let us tell you the 
complete story. Write for booklet. 


Joseph T. Ryerson & Son, Inc. Plants at: Chicago, 
Milwaukee, St. Louis, Cincinnati, Detroit, Cleveland, 
Buffalo, Boston, Philadelphia, Jersey City. 
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CONSOLIDATED PROGRAM 


National Metal Congress 


Sunday, Oct. 22, 1939 


5:00 P.M. American Welding Society (A.W.S.) President's 
Reception: Stevens Hotel 


Monday, Oct. 23, 1939 


9:30 A.M. American Society for Metals (€§) Simultaneous 
Technical Sessions; Palmer House 

9:30 A.M. A.W.S.; Keynote Address; Session on Government 
Construction Work; Stevens Hotel 

10:00 A.M. American Institute of Mining and Metallurgical 
Engineers (A.1.M.E.) Institute of Metals Division; Session on 
Die Casting Alloys; Blackstone Hotel 

10:00 A.M. A T.M.E. (Iron and Steel Division); Passivity and 
Pitting of Stainless Steel; Blackstone Hotel ; 

10:30 A.M. Wire Association (W.A.) Directors’ Meeting: Con- 
gress Hotel 


12:00 M. National Metal Exposition opens; International 
Amphitheatre 

12:00 M. W.A.: Program Committee Luncheon: Congres 
Hotel 


12:15 P.M. A.I.M.E. (Institute of Metals); Executive Com 
mittee Luncheon Meeting; Blackstone Hotel 

12:15 P.M. A.L.M.E.; Committee on Physical Chemistry of 
Steelmaking: Luncheon Meeting: Blackstone Hotel 

2:00 P.M. @& Technical Session; International Amphitheatre 

2:00 P.M. A.I.M.E. (Institute of Metals): Session on Cast 
Brass and Bronze; Blackstone Hotel 

2:00 P.M. A.I.M.E. (Iron and Steel); Session on Magnetic 
Methods in Research and Control: Blackstone Hotel 

2:00 P.M. A.W.S.;: (a) Industrial Research and (6) Production 
Welding in Light Gage Materials; Stevens Hotel 

2:30 P.M. W.A.; Technical Session; Congress Hotel 

1:30 P.M. @ Lecture Course, Alloying Elements in Steet: 
International Amphitheatre 

8:00 PM. @ Lecture Course, Visual Examination of Steels: 
International Amphitheatre 

10:30 PM. National Metal Exposition closes 


Tuesday. Oct. 24, 1939 


8:00 A.M. @& Board of Trustees Breakfast; Palmer House 

9:30 A.M. @& Simultaneous Technical Sessions; Palmer House 

9:30 A.M. A.W.S.: Simultaneous Sessions on Fundamental 
Research and Machinery Construction; Stevens Hotel 

9:30 A.M. W.A. (Steel Division and Non-Ferrous Division): 
Technical Sessions: Congress Hotel 

10:00 A.M. A.LLM.E. (Institute of Metals): Session on Struc- 
tural Metallography; Blackstone Hotel 

10:00 A.M. A.E.M-.E. (Iron and Steel): Session on Nitrogen in 
Iron Alloys and Metallography: Blackstone Hotel 


12:00 M. National Metal Exposition opens; International 
Amphitheatre 
12:00 M. @ Canadian Luncheon: Palmer House 


12:15 P.M. A.LM.E.; Openhearth Executive Committee 
Luncheon Meeting: Bleckstone Hotel 

12:30 P.M. @ Past Presidents’ Luncheon; Palmer House 

2:00 P.M. @ Technical Session; International Amphitheatre 

2:00 P.M. A.LM.E. (Institute of Metals): Session on Con- 
stitutional Diagrams; Blackstone Hotel 

2:00 P.M. A.I.M.E. (Iron and Steel); Session on Blast Furnace 
Operation and White Cast Llron: Blackstone Hotel 

2:00 P.M. A.W.S.: Simultaneous Sessions on Fundamental 
Research and Welded Equipment; Stevens Hotel 

4:30 P.M. @ Lecture Course, Alloving Elements in Steel: 
International Amphitheatre 

6:15 P.M. Missouri School of Mines and Metallurgy Alumni 
Dinner: Saddle and Sirloin Club 


7.00 PLM. A.LM.b.: Cocktail Party: Blackstone Hotel 

7:30 PM. A.W.S.: Fundamental Research Conference; Stevens 

8:00 P.M. ALLM-E.: Annual Autumn Dinner; Blackstone 
Hotel 


8:00 P.M. @ Lecture Course, Visual Examination of Steels; 
International Amphitheatre 
10:30 P.M. National Metal Exposition close- 


Wednesday, Oct. 25, 1939 


7:30 A.M. @& Chapter Chairmen’s Breakfast; Palmer House 

9:30 A.M. @Annual Meeting and Campbell Memorial 
Lecture; Palmer House 

9:30 A.M. A.W.S.: Sessions on Flame Hardening and Hard 
Surfacing, and on Resistance Welding; Stevens Hotel 

9:30 A.M. W.A. (Steel Division); Congress Hotel 

9:30 A.M. W.A. (Non-Ferrous Division); Congress Hotel 


12:00 M. National Metal Exposition opens; International 
Amphitheatre 
2:00 M. College Alumni Luncheons; Palmer House 


12:15 P.M. A.LM.E. (Lron and Steel); Executive Committee 
Luncheon Meeting: Blackstone Hotel 

1:00 P.M. W-.A. Luncheon: Congress Hotel 

2:00 P.M. @ Technical Session; International Amphitheatre 

2:00 P.M. A.LM.E. (Institute of Metals): Session on Mag- 
nesium, Copper, Gold; Blackstone Hotel 

2:00 P.M. A.W.S.; (a) Piping, Pressure Vessels and Boilers, 
and (b) Resistance Welding; Stevens Hotel 

3:00 P.M. W.A.: Annual Business Meeting: Congress Hotel 


Le 


30 PM. @ Lecture Course, Alloying Elements in Steel; In 
ternational Amphitheatre 
330 P.M. W.A.: Dinner and Stag Smoker; Congress Hotel 


8:00 P.M. @ Lecture Course, Visual Examination of Steels: 
International Amphitheatre 

10:00 PLM A.W.S.: Stag Party; Stevens Hotel 

10:30 PLM. National Metal Exposition closes 


Thursday. Oct. 26, 1939 


9:30 A.M. @ Simultaneous Technical Sessions; Palmer House 

9:30 A.M. A.W.S.; (a) Cutting and Welding in Steel Mills 
and (6) Structural and Ship Work; Stevens Hotel 

9:30 A.M. W.A.; Acid Disposal Symposium; Congress Hotel 

12:00 M. National Metal Exposition opens; International 
Amphitheatre 

2:00 P.M. @& Symposium on Precipitation Hardening: Inter- 
national Amphitheatre 

2:00 P.M, A.W.S.; Committee Meetings; Stevens Hotel 

1:30 PM. @ Lecture Course, Alloying Elements tn Steel; 
International Amphitheatre 

6:00 P.M. National Metal Exposition closes 

6:30 PM. @ Annual Banquet; Palmer House 

7:00 PM. A.W.S.: Annual Banquet; Stevens Hotel 


kriday. Oct. 27. 1939 


3:30 AM. @ Lecture Course, Alloying Elements in Steel; 
Palmer House 
9:30 A.M. @, Precipitation Hardening; Palmer House 
9:30 A.M. A.W.S.: Simultaneous Sessions on Railroads and 
Miscellaneous Subjects; Stevens Hotel 
11:30 A.M. A.W.S.; Business Meeting: Stevens Hotel 
12:00 M. National Metal Exposition opens; International 
Amphitheatre 
2:00 P.M. @ Symposium on Precipitation Hardening; Inter- 
national Amphitheatre 
10:30 P.M. National Metal Exposition and National Metal 
Congress end 
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Technical Meetings © 


Mondays Prograrn: October 23, 1939 


First Morning Session 
(Simultaneous) 


A search for some less expensive material 
for resistance to low temperature embrittlement 
than the austenitic stainless steels and non-fer- 
rous metals produced a series of normalized and 
drawn nickel and nickel-molybdenum steels 
which do the job very well, according to T. N. 
Armstrong and A. P. Gagnebin. 

For the elimination of coarse dendrites, or 
raising the grain-coarsening temperature of forg- 
ing steels, definite residual titanium contents in 
the steel are necessary and not mere deoxidation 
with titanium. Such is one of the conclusions 
reached by George F. Comstock of ‘Titanium 
Alloy Mfg. Co. 

While practically every tool manufacturer 
uses the process involving molten cyanides for 
nitriding high speed steel, a detailed but prac- 
tical study of the process by J. G. Morrison and 
J. P. Gill is the first paper on the subject ever to 
be published. 

On the basis that high speed steel forgings 
are a better material for cutting tools than high 
speed steel bar stock, W. H. Wills proceeds to 
give some practical pointers on the manufacture 


of such forgings. 


Second Morning Session 
(Simultaneous) 


Interest in impact testing continues apace and 
©. V. Greene and R. D. Stout tackle the torsion impact 
test by means of an interpretation of its stress-strain 
characteristics. These curves, they say, give a clear 
conception of the strength and ductility components 
in the test. 

Damping capacity may be simply described as 
the ability to “damp” or absorb vibrations, but its 
mechanism is far more complicated than this, and is 
not vet fully understood. General Electrie’s E. R. 
Parker takes another step toward understanding with 
a study on the influence of magnetic fields. 

A variety of steels of widely differing chemical 
compositions and heat treatments is used to demon- 
Strate the validity of three empirical equations 
expressing the interrelation between stress and strain 
in the tensile test. The equations were developed by 
E. J. Janitzky and M. Baeyertz of Carnegie-Illinois’ 
South Works. 

Continuing some investigations on surface treat- 
ment of metals begun four vears ago and first reported 
in the @ Transactions for 1938, Kehl and Offenhauer 
of Lehigh University now tell how acid pickling can 
be controlled to maintain good fatigue properties in 
the metal after it is cleaned in acid. 


One Afternoon Session 


Correlation of long-time and short-time creep 
tests has long been a serious problem of testing 
engineers attempting to develop suitable and easily 
executed acceptance tests. By using temperature 
rather than load as a variable, Kanter and Sticha 
of Crane Co. tackle the problem from a somewhat 
different standpoint. 

Hildorft, Clark and White, continuing a long 
series of investigations on properties of steels al 
high temperature, report the strengthening effect of 
vanadium and molybdenum.  Short-time tensile 
tests, rupture tests and micro-examination provide 


new data on 21 sheets with 5 to 7° chromium. 


First fruits of three vears of intensive work on 
the litthe-understood problem of stress corrosion 
cracking of stainless steel take the form of an 
exhaustive paper by J. C. Hodge and John L. Miller 
containing some valuable data and conclusions. Its 
general tenor is given in a “Critical Point” in 
August PRroGress. 

Complete absence of magnetism has long been 
a distinguishing property of austenite, which means 
that some well-established ideas may have to go by 
the board with the discovery of ferromagnetic 
austenite by L. P. Tarasov and E. R. Parker of 
General Electric’s Research Laboratory. 


Two Lecture Courses 


Afternoon 
Edgar C. Bain, past-president &, begins a series 
of lectures on The Functions of the Alloying Ele- 
ments in Steel, a summary of the recent studies at 
U.S. Steel Corporation Research Laboratories, and 
elsewhere, which have systematized this hitherto 
complex subject. 


Evening 
George M. Enos, associate professor of metal- 
lurgy at University of Cincinnati, gives the first of 
three lectures on Visual Examination of Steels, in 
which he discusses the technique of low power 
microscopy and photography and the interpretation 


of the records so made. 


National Metal Exposition Opens at Noon 
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Technical Meetings 


Tuesday s Pr gram; October 24, 1939 


First Morning Session 
(Sirnultaneous) 


W. P. Wallace and R. L. Rickett have 
undertaken to extend the limited literature 
now existing on the influence of annealing 
conditions on structure and properties of 
low carbon cold-reduced steels. 

Cramer and Bast give further data on 
prevention of the internal cracks which 
sometimes infest large forgings known as 
flakes, and the similar defect in heavy rails 
known as “internal transverse fissures”. 
Their experiments determine the length of 
time necessary to hold railroad rails at vari- 
ous temperatures to prevent the formation 
of such damaging fissures. 

Selection and heat treatment of gear 
steels is discussed by H. B. Knowlton and 
E. H. Snyder on the basis of service experi- 
ence and laboratory tests. A special gear 
dynamometer and new type of rolling 
fatigue machine are particularly interesting. 


Second Morning Session 
(Simu taneous) 


The names of Boston and Gilbert are so closely asso- 
ciated with fundamental investigations on cutting tools that 
their appearance on the program is a sure indication of 
some new and interesting data. This time they tell about 
the relation of physical properties and microstructure to 
machinability of medium carbon steel. 

Results of tests on leaded steels are compared to aver- 
age properties of similar non-leaded materials, The 
authors, Robbins and Caskey, conclude that while much 
work remains to be done, the steels have amply demon- 
strated their desirable characteristics. 

“An important contribution to an important problem” 
characterizes H. Y. Hunsicker’s paper investigating the 
adverse effect of iron on precipitation hardening of alumi- 
num-copper alloys. 

Of particular value to the man who designs the tools 
as well as the man in the shop is Weber and Weinzierl’s 
paper on drawing aluminum. The principles of the draw- 
ing operation, as stated by the authors, may also be applied 


to other metals and alloys 


One Afternoon Session 


Jominy, originator of the end-quench harden- A sequel to last year’s hardenability syvm- 
ability test, best suited to alloy steels, has now posium covers some investigations made with the 
devised a method for adapting it to the shallow 
hardening, plain carbon steels. gives excellent reproducibility of results and 
believes it should find extended use for the acecept- 


end-quench test by Gordon Williams. He finds it 


Aqueous quenching media are the most active 
quenching agents available but, in certain cireum- ance testing of alloy steels. 
stances, suffer the disadvantage of causing soft When the cooling rate of a piece of steel is 
spots. A test method evolved by F. W. Trembour 
and Howard Scott determines the optimum concen- 
trations for various water-salt solutions and dis- duced. John L. Burns and Victor Brown explain 


the phenomenon on the basis of the “S” curve. 


interrupted during quenching (time quenching), 
concentric rings which differ structurally are pro- 


tinguishes two types of soft spots. 


Two Lecture Courses 


Evenina 


Afternoon 
While it is frequently said that economical Remember ‘way back when there was bitter con- 
troversy between steel producer and consumer every 


time the latter attempted to reject a shipment that was 


use requires heat treatment of alloy steels, 
Doctor Bain shows how certain elements form 


high strength, low alloy steels, used in the pock marked after a deep etch? Professor Enos’ 


as-rolled condition. second lecture tells the “do and don't” of this test 


National Metal Exposition 
Afternoon 


Many meetings of technical societies may 


Evening 


Metal Exposition, held under @ sponsorship 
fairly be criticized as being too theoretical, and control, provides a view of all recent devel- 
dominated by research men and _ scientists. 


© will never go that way, since the National 


opments in practical metallurgy, metal-work- 
ing equipment, and metallurgical products. 


October, 1939; Page 329 


| 
les 
= 
ae 
4 
/ 
40) 
var 
4 
4 
4 
4 
| 
. 
4 
| 
ag 
| 


Technical 
Wednesday 


Morning Session 

A program of physical testing to study the 
application of hardened carbon steel to services 
requiring resistance to impact and wear correlates 
hardness and temperature with strength, ductility 
and toughness. To be presented by S. W. Lyon of 
University of Illinois. 

A study of depth hardening characteristics of 
steels has been undertaken by the @ Metals Hand- 
book Subcommittee on Alloying Elements, at Bat- 
telle Memorial Institute. The first part of the 
program covering 16 S.A.E. steels is now reported 
by P. Klain and C. H. Lorig. 

H. A. Schwartz and collaborators have previ- 
ously studied graphitization in white cast iron by 
examining the effect of certain elements that retard 
the process. They now try the opposite tack and 
report the accelerating effect of copper and nickel. 


Afternoon Session 

Thomas G. Digges has observed that when car- 
bon is not uniformly distributed in austenite the 
specimens are incompletely hardened on transfor- 
mation. The present study investigates the mecha- 
nism of this phenomenon. 

New light on the problem of austenite — mar- 
tensite transformation clarifies part of the picture 
presented by the “S” curve and substantiates an 
earlier concept never before proved. A. B. Greninger 
and A. R. Troiano are the authors. 

Concluding that the properties of a mixed 
microstructure can be understood only when the 
properties of the individual components are known, 
Carnegie Tech's Gensamer, Pearsall and Smith 
report on tensile and other mechanical properties 
of the decomposition products of austenite. 

New methods for practical heat treatment issue 
from the observation by Payson, Hodapp and 
Leeder that a spheroidized structure can be 
obtained by direct transformation of austenite 


Afternoon Lecture 


Influence of alloving elements, in solution in 
austenite, in slowing up its transformation into 
hard martensite will be discussed in Bain’s lecture. 


Evening Lecture 
Sulphur prints, magnaflux and other visual 
inspection methods will be the coneluding topics 


in Enos’ lecture series. 


Meetings 


Thursday 
First Morning Session 


Air-hardening toolsteels can be bright hardened 
by gas cooling in an atmosphere that eliminates 
oxidation and decarburization and avoids distortion 
and cracking. Method, atmosphere, and equipment 
are described by J. R. Gier and Howard Scott. 

In attempting to prepare an accurate table of 
hardness conversion relations between the various 
important instruments and scales, a great deal of 
experimental work was required by Howard Scott 
and T. H. Gray. (Their final chart appears on page 
379 of this issue of MeTaAL PRoGREss.) 

The hardenability characteristics of the 12 
principal types of toolsteel have been studied by 
A. J. Scheid, Jr. of Columbia Tool Steel Co., and the 
results are presented in such form as to be of prac- 
tical use in the selection and hardening of toolsteel. 


Second Morning Session 


A systematic exploration of the nickel-tungsten 
system reveals some interesting precipitation hard- 
ening characteristics in the nickel-rich composi- 
tions —- an additional study of an alloy system from 
the laboratories of G.E.’s Cleveland Wire Works. 
F. H. Ellinger and W. P. Sykes are the authors. 

Experiments on oxidation of steel have been 
carried on over a period of years at University of 
Michigan. Latest results by C. A. Siebert and H. G. 
Donnelly show that steel scales more in a humidi- 
fied furnace atmosphere than in a dry one. 

A novel technique of heat etching provides the 
only practical, non-carburizing method available 
today for revealing austenite grain size in very low 
carbon steels, say M. J. Day and J. B. Austin. 

A detailed picture of the tempering process for 
high speed steel (by Morris Cohen and P. K. Koh) 
presents a straightforward explanation of the 
reported differences obtained from multiple temper- 
ing as compared with single tempering. 


Afternoon Session 


On precipitation hardening; see right hand page. 


Afternoon Lecture 
Some alloys enter stable and complex carbides, 
which prevent grain growth in hot austenite and 
produce a tough steel after hardening — the gist of 
the fourth lecture on Alloy Steels. 


Banquet in the Evening 


National Metal Exposition 


On Wednesday the National Metal Exposition 
will be open from 12 noon to 10:30 P.M. 


On Thursday the Exposition will close at 6 P.M. 
to enable everyone to attend the banquet. 
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Technical Meetings 


Thursday Afternoon and Friday, October 96 and 97, 1939 


Symposium on Precipitation Hardening 


Thursday Afternoon 


Dr. Jeffries’ introduction to the 
precipitation hardening sympo- 
sium deals briefly with the his- 
torical aspects of the process and 
its importance in the development 
of metallurgical products and proc- 
esses. (See also Wilm’s original 
paper, reprinted in last month’s 
METAL PROGRESS. ) 

L. W. Kempf then reviews the 
more important considerations in 
the development and utilization of 
solution and precipitation hard- 
ened aluminum alloys. Forecasting 
the properties of specific composi- 
tions is as yet impossible; methods 
are still essentially empirical. 

New data on the effect of a 
third element on the room temper- 
ature aging of high purity alumi- 
num-copper alloys are included in 
Fink, Smith and Willey’s contribu- 
tion to the symposium. 

Iron-tungsten and iron-molybde- 
num alloys represent the heavy 
metals in heat treatable alloys of 
the harder class. Much new infor- 
mation is included in Sykes’ report 
on their precipitation phenomena. 


Final Lecture on 

Alloying Elements 

Put in a call for early 
breakfast on Friday morning, 
so you will not miss Edgar 
Bain’s final lecture at the 
unprecedented hour of 8:30 
A.M. In it he will show how 
the sluggish diffusion of 
alloying elements and stable 
carbides at all temperatures 
produce hard and tough 
steels, toolsteels and creep 
resistant steels. 


Friday Morning 


Treatment, properties and commer- 
cial applications are stressed by D. K. 
Crampton for the 19 copper-base alloy 
systems capable of age hardening. 

Magnetic methods, in addition to the 
usual hardness, electrical resistance and 
metallographic studies, are applied by 
Gordon and Cohen to an investigation of 
age hardening in a copper-cobalt and a 
copper-iron alloy. 

Age hardening of precious metal 
alloys actually preceded Wilm’s discovery 
of duralumin, say Vines and Wise in dis- 
cussing these materials whose widest 
applications are in the dental industry 
and the jewelry industry, although the 
field might well be broadened. 

The almost innumerable variety of 
nickel alloys and the relatively few sys- 
tematic studies of their dispersion hard- 
ening combine to form a good basis for a 
paper on this subject. International 
Nickel Co. provides authorship by N. B. 
Pilling and A. M. Talbot. 

In a critical review of the published 
work on aging of iron and steel Kenyon 
and Burns attempt to present the best 
explanation of the mechanism of strain 
and quench aging. 


Friday Afternoon 


R. H. Harrington's 
careful investigation (at 
General Electric Research 
Laboratory) into the role 
of strain in precipitation 
reactions suggests to him 
that a vast amount of 
research remains to be 
done and that the prin- 
ciples he outlines should 
serve only as tools for 
further development. 

R. F. Mehl and L. Kk. 
Jetter attempt to reconcile 
divergent points of view in 
their discussion of age 
hardening theory. They 
point out that while the 
process is of great indus- 
trial importance, it is also 
of unusual scientific inter- 
est. It will be well worth 
while to come to this last 
session, for Mehl’s pres- 
entation can be counted on 
to be highly interesting. A 
preview of his paper is on 
page 376 of this issue. 


Inspection Trips 


Each morning, except Monday, buses will leave Palmer House at 
8:30 for the following points, for @ members properly registered in 
advance and presenting tickets. Each trip will require the entire morning. 


Tuesday, October 24 
International Harvester Co. Tractor 
Works or 
Acme Steel Co. and American Can 
Co. (Englewood Plant). 


Wednesday, October 25 
Carnegie-Illinois Steel Co. South 
Works or 
A Fink! & Sons Co. and Lindberg 
Steel Treating Co. 


Thursday, October 26 
Inland Steel Co. or 
Mills Novelty Co., Belden Mfg. Co., 
and Stewart Warner Co. (any 
two). 


Friday, October 27 
Youngstown Sheet & Tube Co. or 
Western Electric Co. 

Chicago Latrobe Twist Drill Co. 
(by taxi). 


The National Metal Exposition 


Last chance to attend: Noon to 10:30 Pp. M. 
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American Society for Metals 


THE OBJECT OF THE SOCIETY SHALL BE TO PROMOTE THE ARTS AND SCIENCES CON- 
NECTED WITH EITHER THE MANUFACTURE OR TREATMENT OF METALS, OR BOTH. 


AND (_RUSTEES 
WILLIAM P. WOODSIDE . President 


CLIMAX MOLYBDENUM CO. OF MICHIGAN. DETROIT 


JAMES P. GILL . Vice-President 
VANADIUM ALLOYS STEEL CO., LATROBE, PA. 


BRADLEY STOUGHTON . Treasurer 
LEHIGH UNIVERSITY, BETHLEHEM, PA. 


WILLIAM H. EISENMAN Secretary 
7016 ZUCLID AVE., CLEVELAND 


HARVEY A. ANDERSON. .... . Trustee 
WESTERN ELECTRIC CO., CHICAGO 


SAMUEL L. HOYT Trustee 
BATTELLE MEMORIAL INSTITUTE, COLUMBUS, OHLO 


DONALD CLARK Trustee 
CALIFORNIA !NSTITUTE OF TECHNOLOGY, PASADENA 


FRANCIS B. FOLEY Trustee 
THE MIDVALE CO., PHILADELPHIA 


GEORGE B. WATERHOUSE Senior Past-President 
MASSACHUSETTS LNSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASS. 


FOUNDER MEMBERS 


THEODORE E. BARKER WILLIAM P. WOODSIDE 
| ARTHUR G. HENRY 


HONORARY MEMBERS 


KOTARO HONDA ‘CHARLES M. SCHWAB SIR ROBERT HADFIELD 
TALBERT SAUVEUR WILLIS R. WHITNEY CHARLES F. KETTERING 


HENRY MARION HOWE MEDALISTS 


EMANUEL J. JANITZKY 1922 HERBERT J. FRENCH 1930 JOHN CHIPMAN 1934 
FRANCIS F. LUCAS 1924 EDGAR C. BAIN 1931 TRYGVE D. YENSEN 1935 
HORACE H. LESTER 1925 KARL HEINDLHOFER 1931 NICHOLAS A. ZIEGLER 1935 
tFREDERICK C. LANGENBERG 1926 FRANCIS M. WALTERS 1932 A. G. H. ANDERSEN 1937 
WESLEY P.SYKES 1927 CYRIL WELLS 1932 ERIC R. JETTE 1937 
OSCAR E. HARDER 1928 MAXWELL GENSAMER 1932 JOSEPH WINLOCK 1938 
RALPH L. DOWDELL 1928 JOHN F. ECKEL 1932 RALPH W. FE. LEITER 1938 
TCARL R. WOHRMAN 1929 JOSEPH V. EMMONS 1933 


SAUVEUR ACHIEVEMENT MEDALISTS 


TALBERT SAUVEUR 1934 ZAY JEFFRIES 1935 HARRY W. MCQUAID 1938 
WILLIAM R. CHAPIN 1936 


PAST-PRESIDENTS 


ALBERT E. WHITE 1921 J). FLETCHER HARPER 1927 WILLIAM B. COLEMAN 
FRANK P. GILLIGAN 1922 FREDERICK G. HUGHES 1928 WILLIAM H. PHILLIPS 
tTILLMAN D. LYNCH 1923 ZAY JEFFRIES 1929 BENJAMIN F. SHEPHERD 
tGEORGE K. BURGESS 1924 ROBERT G. GUTHRIE 1930 ROBERT S. ARCHER 
WILLIAM 8. BIDLE 1925 J). MITCHELL WATSON 1931 EDGAR C. BAIN 

ROBERT M. BIRD 1926 ALEXANDER H. dARCAMBAL 1932 GEORGE B. WATERHOUSE 


t Deceased 


1933 
1934 
1935 
1936 
1937 
1938 
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SERVICE PROVED CUTTING OILS 
RANK HIGH 
IN THREAD CUTTING OPERATIONS 


To a large Screw and Bolt company of 
Gary, Indiana—capable of turning out 
more than a million different sized 
bolts a day—speed, accuracy and tool 
life in their threading operations are 
exceedingly important. Their report to 
us that Cities Service Cutting Oils 
have proved “‘very satisfactory”’ again 
confirms the experiences of many 
others who depend on these Service 


Proved oils for exacting requirements. 


FREE! 


Just Clip 
and Mail 


Name 


Firm Name 
City 
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It will pay you, too, to get acquainted 
with these Service Proved oils and 
our Lubrication Engineers’ Service. 
Let us tell you more about them. It 
will cost you nothing and there is 
no obligation. Just fill in the coupon 
below and mail it. Better do it now, 
before you forget. An interesting book- 
let entitled ‘Metal Cutting Lubrica- 
tion—In Theory and Practice’’ also 


will be sent you, if you are interested. 


CITIES SERVICE OIL CO., 
Sixty Wall Tower, Room 1626E, New York, N.Y. 
Please send me information concerning your Lubrication 
Engineers’ Service 
Please send me booklet on Metal Cutting Lubrication 


Title 


State 
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a 
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at 
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“ 
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PROVED 
"SERVICE _ 


Personals 


Stewart G. Fletcher @ is now a 
half-time assistant in the depart- 
ment of metallurgy at Massachu- 
setts Institute of Technology. 


Joseph H. Kline @, a Purdue 
graduate, is now employed in the 


chemical laboratory of Republic 
Steel Corp. in Canton, Ohio. 


Alfred H. Rudrauff @, B.S. in 
metallurgy, Penn State, 1939, is 
now an inspector in the metal- 
lurgical department of the Spar- 
rows Point plant of Bethlehem 
Steel Co. 


R. J. Raudibaugh @ is teaching 
metallography at Purdue Univer- 
sity in the chemical and metal- 
lurgical engineering department, 
and working toward a doctorate. 


REX PRODUC 


= 


Vapor-slush type Detrex 

Degreaser used with elec- 

tric lift to clean parts af. 
ter oil quenching. 


Conveyorized 3-dip De- 

trex Degreaser used for 

cleaning prior to painting. 
plating or inspection. 


DETREX 


means 
ENGINEERED 
QUALITY 


1940 CLEANING 
METHODS 


Timed to your 1940 production are the 
Detrex-engineered cleaning equipment 
and solvents. 


Your requirements for fast, flexible 
and economical cleaning will be met by 
a Detrex Degreaser. 


Using stabilized safety solvents — 
either “Perm-A-Clor” or ‘Triad’ — the 
metal parts or assembled products 
emerge clean, warm and dry, immedi- 
ately ready for painting, plating, heat- 
treating or inspection. 


Complete information on the Detrex 
equipment or solvents best suited to 
your particular requirements is yours for 
the asking. Or better yet, let a Detrex 
engineer consult with you. 


Straight-through type of Vapor-Spray-Vapor Detrex 
Degreaser with continuous solvent still. Machine 
shown used on production line in automobile plant. 


DETROIT REX PRODUCTS COMPA 


NY 
Engineered Solvent Degreasing and Alkali Cleaning 
HILLVIEW AVENUE DETROIT, MICHIGAN 


Branch Offices in Principal Cities 
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G. Lewis Perkins ©, assistant 
metallurgist with the Sharon 
Steel Corp., has accepted a posi- 
tion with Rustless Iron and Steel 
Corp., Baltimore, as assistant pro- 
duction metallurgist. 


G. C. Jenison @ has resigned as 
chief chemist in charge of the 
chemical laboratory, research 
department, Continental Can Co., 
Inc., Chicago, to accept a position 
in the quality control department 
of the Weirton Steel Co., Weirton, 
West Va. 


A. J. McDonald ©, formerly 
vice-president in charge of sales 
for the Lebanon Steel Foundry, 
now holds a similar position with 
the American Steel Castings Co. 
of Newark, N. J. 


Arthur B. Wilder @ is now 
research metallurgist with Jones 
and Laughlin Steel Corp., Pitts- 
burgh, Pa. 


Appointed to the department of 
metallurgy, University of Notre 
Dame: Alexander R. Troiano 
formerly of Harvard University. 
Dugald C. Jackson, Jr., formerly 
president of the Lewis Institute 
in Chicago, has been made dean 
of the college of engineering. 


Appointed as instructors’ in 
metallurgical engineering in the 
department of mining and metal- 
lurgical engineering of the Uni- 
versity of Ulinois: Earl J. Eckel 
©, formerly in the metallurgical 
department of Carnegie-IIlinois 
sheet and tin mill, Gary, Ind.; 
John A. Snyder ©, formerly 
junior metallurgist, Inland Steel 
Co., Indiana Harbor, Ind.; Ber- 
nard G. Ricketts @, formerly with 
United States Geological Survey. 


Promoted by Revere Copper 
and Brass, Inc.: R. Carson Dalzell 
©. to technical advisor to the 
Baltimore division. 


Don A. Campbell, formerly 
special engineering representative 
for the Eclipse Fuel Engineering 
Co., has been made district man- 
ager for Wheelco Instruments Co. 
covering New York, New Jersey 
and Connecticut. 


| 
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Personals 


R. A. Smith ©, formerly 
instructor in the department of 
metal processing, University of 
Michigan, is now metallurgist 
with Sears, Roebuck & Co. 


David A. Wigton @ has com- 
pleted his course at Colorado 
School of Mines and is now an 
apprentice engineer in the metal- 
lurgy department of the National 
Tube Co., Lorain, Ohio. 


Thomas W. Frank @ has trans- 
ferred from the metallurgical 
laboratory at Timken Roller 
Bearing Co. to the plant engineer- 
ing department at Copperweld 
Steel Co., Glassport, Pa. 


Honored by the American Soci- 
ety for Metals for ten consecutive 
years as secretary of the Ontario 
Chapter: L. F. Fitzpatrick ©, 
manager, Flexible Shaft Co., Ltd., 
Toronto, Canada. 


Convention lecturers: E. C. 
Bain, past president @ and 
assistant to the vice-president in 
charge of metallurgy and 
research, United States Steel 
Corp., who will give five lectures 
on “Functions of Alloying Ele- 
ments in Steel’ during the 
National Metal Congress in Chi- 
cago; and George M. Enos 6. 
associate professor of metallurgy, 
University of Cincinnati, who 
will give a three-lecture course 
on “Visual Examination of 
Steels”. 


Elected vice-president in charge 
of sales, Continental Steel Corp., 
Kokomo, Ind.: Edmond P. Sev- 
erns, formerly general manager 
of sheet sales. 


Appointed head of the metal- 
lurgical department of Cleveland 
Tractor Co.: Warren A. Silliman 
©. for the past six years assistant 
to Gordon T. Williams, who was 
made metallurgist of the testing 
and research laboratories of 
Deere & Co. on Oct. 1 (not pre- 
viously, as erroneously reported 
in September Merat PRoGREss). 


George O. O'Hara has been 
appointed sales manager for the 
electrode division of Great Lakes 
Carbon Corp. 


William E. Wickenden, presi- 
dent of Case School of Applied 
Science, will be the principal 
speaker at the banquet meeting 
of the Porcelain Enamel Institute 
Forum in Columbus Oct. 19. 


Production Cleaning — 


With DETREX 
Alkali Washers and Compounds 


You name the alkali washing or strip- 
ping operation required on the parts you 
manufacture. Detrex engineers will pro- 
vide the machine to do your job effec- 


tively at the lowest possible cost. 


And whatever your operation, you 
will find the right compound in the com- 
plete line of Triad Cleaners and Strip- 
pers for fast, economical and efficient 
cleaning. To insure you best results, 
Detrex field engineers check the work- ‘ 
ing efficiency of your cleaning solutions 
with modern control equipment 


shown above. 


Here is the one dependable source for 
all of your cleaning requirements. Let 


us furnish you with full details. 


A typical Detrex spray installation consisting of 
alkali washer, rinses, chromic acid, Bonderite, and 
air blow-off. 


Edmund 8. Davenport @ metal- 
lugist, U. S. Steel Corp. Research 
Laboratories, has been selected to 
deliver the Edward deMille 
Campbell Memorial Lecture of 
the American Society for Metals 
on Oct. 25 during the National 
Metal Congress in Chicago. 


F. E. Fuller @ is now with 
Allison Engineering Co., Indian- 


apolis, Ind. 


Single - stage, spray - type 
Detrex Alkali Washer. 
Baskets of work are car- 
ried through machine on 
roller conveyor. 


Twin three-stage Detrex 
Alkali Washer of the 
through-monorail conveyor 
type. Consists of pressure 
spray wash, hot water 
rinse, and air blow-off. 


DETREX 


means 
ENGINEERED 
QUALITY 


DETROIT REX PRODUCTS COMPANY. 


mee Engineered Solvent Degreasing and Alkali Cleaning 


(13006 (HILLVIEW AVENUE 


DETROIT, MICHIGAN 


Branch Offices in Principal Cities 
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Irs A GOOD INSTRUMENT 


TO USE BECAUSE BACK OF IT THERE ARE 
FRIENDLY AND COMPETENT PEOPLE SERV- 


ING YOU... ABOUT 300,000 OF THEM 


BELL TELEPHONE SYSTEM & 
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ENGINEERING 


_ 


quality tonnage at low cost, The Wean Engineering 
_ Company, Inc., and its associate companies | s- 
Let us submit lia and figures whether you need on 
mt. 


THE MCKAY MACHINE COMPANY 
The WELLMAN SMITH OWENS ENG. Corp., Ltd. London, tad 
The HALEN MACHINE Co... Thomaston, Con. 
~The WEAN ENGINEERING Co. of Canada, Lid. Hamitn, 


2RODUCTS: 


| 
Gonvering Mechanism. chines, Pinch Roll Units, Re- 
rs \ Feeding Equipment. Equipment 
Uncoling cand Automate Machines for Fct Prodocte, 
SPECIALISTS IN SHEET, TIN: 


Personals 


Russell G. D. Fernald @ has 
taken a position as junior metal- 
lurgist for Chile Exploration Co., 
Chuquicamata, Chile. 


Swante C. Pirkola &, b. S. in 
metallurgical engineering, Michi- 
gan College of Mining and Tech- 
nology, 19389, is metallurgist§ in 
the cold reduction department, 
Inland Steel Co., at East Chicago. 


S. A. Braley @, chief metal- 
lurgical field engineer, rod and 
wire division, Pittsburgh Steel 
Co., will present the Mordicz 
Memorial Lecture at the annual 
meeting of the Wire Association, 
on Oct. 25 during the National 
Metal Congress. 


Featured speaker at the annual 
banquet of the @ on Oct. 26: R. 
E. Desvernine, president of Cru- 
cible Steel Co. of America. 


MMH 
SS 


—MORE THAN EVER BEFORE 
—AND BY ANY YARDSTICK 


SAVE MONEY FOR USERS! 


Products that are original and different plus modern 
sales engineering total a service worthy of investi- 
gation by every economy-minded plant executive. 


D. A. STUART OIL CO. Ltd. 


CHICAGO, U. S. A. 


- EST. 1865 


Warehouses in Principal 
» Industrial Centers 


Address request for a STUART OIL discussion and pro- 
posal to general offices at 2727 SO. TROY ST., CHICAGO 
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John H. Birdsong @ and Albert 
H. Hall, general analytical and 
consulting chemists and metal- 
lurgists, have acquired all of the 
stock of Buffalo Testing Labora- 
tories, Inc. Hall has been elected 
president and Birdsong vice- 
president, secretary treas- 
urer. 


Sydney Nashner @ is now with 
Inland Steel Co., Indiana Harbor, 
Ind., as metallurgist concerned 
with flat-rolled products investi- 


gations. 


Donald T. Goettge ©, Ohio 
State University, 1939, has been 
made assistant junior metallur- 
gist in charge of coated and hot 
rolled products at the sheet mill 
of Carnegie-Illinois Steel Corp. in 
Gary, Ind. 


Richard H. Kaulback & secured 
a position in the research labora- 
tory of the Crucible Steel Co. of 
America, Atha Works, Harrison, 
N. J. after graduation from Mas- 
sachusetts Institute of Technol- 
ogy last June. 


Victor O. Allen &, for the past 
five years associated with the 
Radio Corp. as consulting and 
research engineer, has been 
named technical director of the 
Wilbur B. Driver Co., manufac- 
turers of alloy wire, Newark, N. J. 


Arthur Lennie @ has resigned 
from the metallurgical labora- 
tories of Vanadium-Alloys Steel 
Co., Latrobe, Pa., to take a posi- 
tion in the research laboratory 
of the Pur-Pak division of Excello 
Corp., Detroit. 


R. H. Soll &, chief metallurgist 
of the Emsco Derrick & Equip- 
ment Co. and D & B Pump & Sup- 
ply Co. (a subsidiary), has been 
transferred back to the main 
plant in Los Angeles. 


Ernest E. Thum © blushed 
under the barrage of compli- 
ments from editors, advertising 
managers and agency men on 
receipt of the plaque _ photo- 
graphed on page 321 at the recent 
convention of the National Indus- 
trial Advertisers’ Association. 
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METAL PROGRESS 


OCTOBER 1939 


Castings; Light, Strong, Non- Tarnishable, by Harold J. Roast 
Permanent Mold Aluminum Castings, by Sam Tour 
Die Castings, by J. C. Fox 
High Pressure Castings; Brass, Thermo-Plastic, Aluminum, 
by Sam Tour 
Bearings, by C. F. Smart 
Powder Metallurgy, by Robert H. Leach 
Improvement in Tubes, by Alan Morris 
Electroplates, by Carl E. Heussner 
Trends in Copper Alloy Production, by D. K. ee 
Magnesium and Its Alloys, by L. B. Grant 
Zine and Its Alloys, by W. M. Peirce 
Aluminum and Its Alloys, by E. H. Dix, Jr. 
Electrolytic Manganese and Its Alloys, by R. S. Dean 
Silver, a Commodity, by Lawrence Addicks 
Data Sheets: A.S.T.M. Grain Size Standards 
Typical Wrought Copper Alloys 


Constituents in Aluminum Alloys 
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Effective Answer To The 
Loose Nickel Nuisance 


LOOSE NICKEL from anodes used in high acid 
plating baths is due to the attack of the acid on the 
bonding material between the grains of nickel, 
causing the — as ordinarily bonded to fall off 
the body of the anode before they can be dis- 
solved in the bath. This is largely overcome by 
the "a0 structure pictured here, as developed in 
the Seymour laboratories and obtainable in’ Sey- 
cast’’ Nickel Anodes. 

Note that the grains are long and narrow and 
extend to a common center. The acid attack can 
penetrate but a slight distance between the grain 
boundaries; hence the grains tend to remain firm- 
ly tied together until the anode is completely 
corroded. 


Examples of the 
uniform corrosion 


“Seycast’’ Anodes will be displayed and 
Bright Nickel explained in Chicago, Oct. 23-27, 


AT NATIONAL METAL EXPOSITION 
CALL AT BOOTH L-329 EXHIBIT OF 
CROWN RHEOSTAT & SUPPLY COMPANY 


SEYMOUR 


“SEYCAST” High Efficiency Anodes 
99% . PURE CAST NICKEL 


THESE anodes were designed primarily for Bright Nickel plating, but are 
excellent wherever uniform corrosion, smooth deposit and economical opera- 
tion are paramount. When used in sufficient numbers, practically no nickel 
salts need be added to the bath for replenishment. The envelope formed during 
corrosion is soft. Sludge is practically nil and remains within the bag. This, 
with the practical absence of loose nickel, makes a clean, even-corroding anode 
of exceptionally high efficiency. Recommend- 
ed only for hot Watts baths with a pH of 4.5 
electrometric or lower; i. e., for high acid baths. 


SEYMOUR BRIGHT NICKEL —- An 
organic type process free from promoter 
metal, stable and easily controlled, pro- 
ducing brilliant deposits from a standard 
hot nickel bath. Operating conditions 
wide; pH from 2.0 to 4.5. Excellent 
throwing power. 


common to Seymour Representative in the Chicago Territory of 


"Seycast'’ Nickel 


other iivstetions on THE SEYMOUR MANUFACTURING COMPANY 


this page are from un- 


retouched photo- 65 Franklin St., Seymour, Conn. 


graphs. 
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Non-Ferrous Metals 


Castings 
light, strong, non-tarnishable 


By Harold J. Roast 
Vic e President 
( ‘anadian Bronze Co Lid. Mi ntreal 


we A CHANGE has come over strength 
per unit weight relationship! 

Steel of the olden days with a unit weight 
of 4190 Ib. per cu.ft. and yield point in cast 
annealed condition of 40,000 psi. with an ulti- 
mate strength of 75,000, is, for instance, bowing 
to a complex aluminum alloy we call “cer- 
alumin” containing copper, nickel, silicon, iron, 
magnesium, and cerium, giving a vield point of 
60,000 and an ultimate strength of 70,000. psi. 
with a weight per cubic foot of 175 Ib. 

Thus, an alloy of almost one-third the 
weight of steel gives a vield point 50% greater. 

How much further the unit weight can be 
reduced while the yield point is kept constant 
is difficult to state. So far as weight goes, we 
have the “elektron” alloys and “dowmetal”, both 
of which give an alloy of only 112 lb. per cu.ft. 
but this is done at the sacrifice of strength as 
compared with the aluminum alloys. How- 
ever, there seems to be no reason why other 
magnesium alloys may not be developed with 


three times their present strength, in which case 
a most notable saving in weight will become 
possible without a reduction in strength. 

The general tendency to substitute worked 
metal for cast metal would seem to apply in 
great measure to these light alloys. The use of 
magnesium alloy thin sheet of considerably 
higher strength per square inch than the cast- 
ings is another possibility in the fight for 
strength per minimum unit weight. However, 
all metal material, excepting powder metal- 
lurgy, has to originate in cast billets and the 
many problems surrounding the casting of the 
present magnesium alloys will probably be 
further complicated in the endeavour to obtain 
still further increased strength. Doubtless the 
foundry, which is rapidly becoming a_ highly 
scientific proposition, will devise new ways and 
means of casting metal under inert gasses and 
other improvements that will finally conquer 
the difficulties. 

It is interesting to note, when thinking of 
the great improvement of strength per unit 
weight of metals, that the archer long ago found 
that wood provided the best combination! Dry 
vew wood (farus brevifolia) weighs per cubic 
foot only 40 lb. and has a yield point of 12,000 
psi., in round numbers. 

When we compare this with a magnesium 
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alloy which weighs nearly three times as much, 
we find that the yew wood is almost three times 
as strong, weight for weight, as the magnesium 
alloy, or if we compare it with the aluminum 
alloy, we find that yew is only one-quarter the 
weight and gives a strength two-thirds that of 
the aluminum alloys. (The mention of wood 
draws attention to the fact that there is a very 
decided return to the use of wood for propeller 
blades instead of metal ones.) 

Whether or not any advance will be made 
in the nomenclature of alloys is doubtful. We 


have such a proprietary name as Dow, con- 


sisting of three letters, while at the same time 
we have an alloy Koltchougaluminium of 18 let- 
ters and five metals — aluminum, nickel, mag- 


nesium, copper and manganese. Let us hope 
that it will not be necessary to exceed this 
alphabetical conglomerate for the name of the 
ideal alloy of the future! 

While we have gold as the standard non- 
tarnishable metal, it is far from practical for 
the stress and strain of daily life. The 
non-ferrous metals in general, together with 
their alloys, are limited by their corrodibility, 
both for artistic use and otherwise. It may be 
that science will find a way of introducing small 
amounts of other elements into such alloys as 
brass and bronze as to enable them to resist 
surface oxidation and so maintain their very 
pleasing color without the necessity of periodic 
polishing or lacquering. 

This has been accomplished in the case of 
stainless steel and who shall say that it cannot 
be duplicated in the non-ferrous field? 


Permanent Mold 
Aluminum Castings 


By Sam Tour 
Lucius Pitkin, Inc 


New York City 


T HE ART AND PRACTICE of pouring molten 

metal into permanent molds are centuries 
old. Permanent mold castings of aluminum 
have been articles of commerce for many years. 
Although production in the United States runs 
into millions of pounds per year, little has been 
written about the industry or the process. 
Specifications covering sand castings of the alu- 
minum alloys have been available for many 
vears, and specifications covering die 
castings of aluminum alloys were 
first presented in the American Soci- 
ety for Testing Materials 10 or 12 
vears ago. Recognizing the impor- 
tant field of permanent mold alumi- 
num castings, the Committee B-7 on 
Aluminum and Light Alloys of the 
American Society for Testing Mate- 
rials has now prepared specifications 
covering these castings. No explana- 
tion is offered as to why this branch 
of the industry has been so back- 
ward. It is hoped that more will be 
heard in the future. 

Permanent mold aluminum cast- 
ings are made from special alloys, 
somewhat similar to those used for 
sand casting and for die casting, a 
number of which have’ been 
developed. The castings have a finer grain 
structure than sand castings as the natural 
result of the more rapid solidification in the 
mold. These castings, therefore, respond to 
heat treatment somewhat better than do sand 
castings; strengths obtainable in both the 
as-cast and heat treated conditions are some- 
what superior. 

Permanent mold aluminum castings are 
substantially free from porosity. They do not 
contain the spongy centers which are so often 
found in die castings and which are largely 
responsible for blisters after heat treatment. 
Permanent mold aluminum castings are par- 
ticularly amenable to anodic oxidation treat- 
ments for surface stability. 

Without the pressures available in pressure 
die casting to force the metal to fill the mold, 
but with the chilling effect of a metal mold, it 
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is obvious that the art of casting centers around 
the problems of mold design, temperature of 
mold, coatings on the mold to prevent excessive 
chilling, gating, risering, metal temperature con- 
trol and metal composition control. That these 
problems can be solved simultaneously, in order 
to produce on an economical basis, is evidenced 
by the millions of pounds of such castings being 
made each year. 

The list of uses and possible uses is prac- 
tically identical with the combined list of such 
uses for both sand castings and die castings. As 
their desirable properties become better known 
to engineers and users in general, we can expect 
a considerable increase in the number of 
applications, in the tonnage production, and in 
the size and intricacy of the parts made by this 
very useful process. 


Die Castings 


By J. C. Fox 
( chief Metallurgist 
vehler | die ( casting ( Th ledo, ( Yhio 


Dp CASTINGS have assumed a great impor- 

tance in many branches of industry and 
have been instrumental in the development of 
world wide markets for many domestic appli- 
ances. Zine base and aluminum base alloys 
have contributed the most in this development, 
but of late magnesium and brass die castings 
are making rapid strides as shown by the 
increased number of applications and the total 
consumption during the last year. 

A short time ago the cost of magnesium was 
quite prohibitive but now it is in a range sufli- 
cient to compete with aluminum on a volume 
basis. In fact, there are a number of instances 
where magnesium die castings have replaced 
aluminum die castings. The factors of lightness 
and ease of machinability as well as equally 
good physical properties have been responsible. 
The physical properties of some die-cast mag- 
nesium alloys without heat treatment compare 
very favorably with the same alloys sand cast 
and heat treated. This fact has prompted a 
number of airplane manufacturers to switch 
from magnesium sand castings to die castings, 
saving enough to make up the cost of dies. The 
development of better protective films and fin- 
ishes for magnesium has also had an influence. 

Manufacturers of portable tools, hand tools, 
sanders, grinders, body finishing equipment 
and similar parts where lightness is a necessary 


requirement, are utilizing a considerable num- 
ber of magnesium die castings. 

Like magnesium there has been a steady 
increase in the use of brass die castings during 
the past vear. Their high tensile properties, 
wear resistance and corrosion resistance have 
made it possible to replace some steel parts and 
even some of stainless steel. Wherever brass 
die castings have been applied they have 
remained and been found indispensable. 

Transmission synchronizer rings, door 
latch parts, striker plates, shifter shoes are a 
few of the parts for automotive use; brass die 
castings also are found on diesel engines, air- 
planes, typewriters, optical instruments and 
electrical equipment. 

During the past year considerable progress 
has been made in the art of aluminum die cast- 
ing. The high pressure casting machine is 
responsible for sounder castings with high 
physical properties. 

Of particular interest is the increasing use 
of the anodizing treatment for aluminum die 
castings for corrosion resistance as well as for 
decoration. Although this treatment has long 
been used for protection, the greatest difficulty 
has been to obtain an oxide coating that would 
be uniform and free from ugly streaks. Now, 
by the proper casting technique, the right alloy 
and method of treatment, oxide coatings can be 
obtained which are not only protective against 
corroding media, but also of highly decorative 
appearance. A number of devices such as meat 
slicers and choppers, which are constantly sub- 
jected to moisture and salt, are utilizing this 
treatment. 

It is also possible now to obtain good, uni- 
form, adherent electro-deposits on aluminum die 
castings (as a result of a recent development) 
and this kind of finishes is being used more than 
ever before. 

Zine base alloy die castings continue to 
expand in application and consumption. The 
most noteworthy feature of the 1910 automotive 
use is their almost general acceptance for radi- 
ator grilles and other large parts in place of 
steel stampings formerly used. A number of 
motor companies have returned to the use of 
zine die castings for these parts and several are 
using them for the first time. Among the latter 
is the Ford Motor Co., which has elected to use 
zine die cast radiator grilles on all 1910 models. 

The development of a new organic finish 
has encouraged a greater use of zinc in wash- 
ing and other laundry machines, especially for 
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parts that are in direct contact with the soap 
and alkaline solutions, 

Research and development continues to 
bring about radical changes in materials and 
methods. What may have been considered 
impractical last year is made possible this year. 
Thinner wall-sections are being now cast in 
dimensions previously thought impossible. 
Rates of production are steadily increasing. 


High Pressure Castings 


brass, thermo-plastic, aluminum 


By Sam Tour 
Lucius Pitkin, Inc. New York City 


OME YEARS AGO, the writer described the 

development of high pressure die casting 
equipment, particularly suitable for casting the 
brass alloys. This was designated as equipment 
using the “cold chamber process”, producing 
castings by applying very high pressures to 
metal in the mushy or plastic stage. 

Using this process along the lines in which 
it was originally developed for brass, the actual 
operation is quite similar to extruding. Instead 
of forming a long body with the contour of the 
orifice in the extrusion die plate, the cold cham- 
ber, high pressure, die casting process extrudes 
the plastic metal into a die cavity and there 
forces it to take the shape of that cavity. Several 
things are accomplished that had not been pos- 
sible prior thereto. First, it is possible to pro- 
duce brass die castings by being able to cast at 
a low enough temperature so that materials 
available for dies have an economically reason- 
able life. Second, it is possible to make castings 
in a temperature range where zinc fume and 
zinc deposition upon the dies does not cause 
trouble. Third, it is possible to make castings 
from these very high shrinkage alloys without 
the enormous amount of porosity which obtains 
when full liquid or molten metal pressure die 
‘asting is practised. 

High pressure die casting equipment as thus 
originally developed for brass alloys has found 
an important place in the new industry of extru- 
sion casting of thermo-plastics, and the great 
progress made in its application is largely con- 
fined to the latter field. One explanation offered 
by some for the lack of greater progress in 
brass die casting is the problem of die steels. 
While it is true that die life is the bottleneck in 
this application, it is also true that there has 
been a tendency to lose sight of one of the funda- 


mentals upon which the process was developed, 
namely, the use of metal in the mushy or plastic 
range instead of in the molten or fully liquid 
condition. To the extent that attempts are made 
to work with liquid brass, the temperatures of 
operation are increased and the problem of die 
life becomes more important. While it is hoped 
that a better die steel can be and will be devel- 
oped, it is believed that considerable progress 
can be made with the present steels if proper 
attention is paid to the problems of gating, die 
temperature, plunger speed, and pressures. 

Although the die steel situation is an appar- 
ent bottleneck in the application of the high 
pressure die casting process to the production 
of castings of the copper-base alloys, it is not a 
very serious problem in the application of this 
process to the production of castings of the 
aluminum alloys. Much progress in this field 
‘an be looked for. 


Bearings 
By C.F. Smart 


Metallurgist Pontiac Motor Division 
General Motors rp Pontiac, Mich 


ECENT PROGRESS IN BEARINGS has 

been more along structural lines than 
through the development of new or improved 
alloys. Silver, and silver-lead, and aluminum 
have been given some attention, but these are 
apparently still much in the experimental stage. 
In general, four types of materials are in 
extended use for bearing metals — lead base 
babbitts, tin base babbitts, cadmium alloys, and 
copper-lead alloys. Each of these appears to 
have a field of usefulness determined by maxi- 
mum load, the ZN/P relationship between vis- 
cosity, r.p.m., and bearing pressure, the relation 
between unit pressure and surface velocity, the 
operating temperature, crankshaft material, 
design. 

Powder metallurgy is proving useful in 
some phases of bearing manufacture; one bear- 
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ing soon to be available will be a new type 
copper-lead bearing, made by powder metal- 
lurgy processes, from chemically pure constit- 
uents, and uniformly distributed throughout the 
alloy. In another type of bearing a powder 
metallurgy composition is sintered on a steel 
back to serve as a mechanical reinforcement to 
a relatively thin layer of babbitt metal. Bear- 
ings with thin lavers of babbitt, much thinner 
than generally accepted practice, are in use and 
are the subject of many experimental tests. 
Babbitt layers 0.003 in. thick applied over steel 
backs with an intermediate layer of bronze (the 
so called tri-metal bearings) have recently been 
introduced and some tests indicate that these 
have appreciably higher fatigue life than bear- 
ings with greater babbitt thickness. Favorable 
results with such tri-metal bearings have led to 
tests of similar thin babbitt layers applied 
directly over brass, bronze or steel and these 
offer promise of equal performance at a some- 
what lower cost. 

One bearing manufacturer has introduced 
diesel engine bearings on which the steel back 
has been replaced with a_ pre-compressed 
bronze casting, the idea being to obtain a dense 
casting to insure positive seating of the bearing 
back. The bronze back possesses bearing quali- 
ties as a protection to the shaft in event of bab- 
bitt failure. 

Electro-deposition of thin bearing metal 
layers as a method of producing bearings is in 
an experimental stage of development. 


Powder Metallurgy 
By Robert H. Leach 


Vice-President, | landy & Harman 


Bridgeport, 


UE OF METAL POWDERS for the manu- 

facture of different products has increased 
during the past vear. Reports indicate that 
interest has broadened considerably and inves- 
tigations are being conducted in the possibilities 
of substituting the processes used in powder 
metallurgy for the production of articles now 
made by the standard practices of melting, cast- 
ing and fabricating. 

Without attempting to establish any new 
classification of metal powder products, there 
are two fields in which powder metallurgy is 
particularly effective. In the first instance, we 
have its application to metals that are difficult 
to melt or combinations of metals that are not 


uN 


miscible. Tungsten, tantalum, cemented car- 
bides, nickel and silver, tungsten and copper, 
graphite and silver are typical examples of this 
group. The second field where powder metal- 
lurgy has proved to be of advantage is in the 
production of articles where uniform porosity 
within controllable limits is desired, such as 
bearings and bushings. Improvements and new 
developments promise further expansion in 
both these fields. There is no competition 
between metal powder processes and other 
methods in the production of these classes of 
materials and although the cost of raw mate- 
rials and the cost of production are important 
factors, the fact that the same results cannot be 
obtained by any other means, gives powder 
metallurgy an unchallenged position. 

Because of the lower temperatures at which 
this work is carried on there are possibilities in 
the use of metal powders for binders in the 
making of assemblies, parts of which might be 
damaged from the high temperatures required 
for either die or pressure casting, and where 
plastics are not satisfactory because the matrix 
should be metallic. Laminated or composite 
articles have been produced, corresponding to 
bi-metals or clad metals, of dissimilar materials 
in the different portions; there are possibilities 
of further development in this class. 

The extent to which powder metallurgy will 
take over established methods of manufactur- 
ing certain types of metal products is impossible 
to prophesy. Experimental work and limited 
production has indicated that with suitable 
equipment and proper control of pressures and 
sintering temperatures it is possible to produce 
articles from metal powders which have phys- 
ical properties that meet the requirements for 
parts now made by more conventional practices. 
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In general the cost of the raw material or metal 
powder is relatively high. There may be excep- 
tions, but unless the cost of the raw material 
can be offset by the elimination of scrap or of 
expensive manufacturing operations, such as 
machining for example, or the finished article 
has properties not obtainable by other methods, 
it would appear to be doubtful whether the com- 
mercial substitution of processes will occur. 

While it is true that knowledge of any 
metallurgical process is only gained by experi- 
ence and improvements that come from 
exhaustive and careful study of the physical 
phenomena involved, it does not seem necessary 
to surround powder metallurgy with a veil of 
mysticism or to infer that the fundamental 
problems of powder metallurgy are not gov- 
erned by the same laws that physical metallur- 
gists are constantly investigating in all branches 
of applied metallurgy. One principal charac- 
teristic of metal powders that is self evident, is 
the large surface area for a given weight of 
material. For example, a piece of silver when 
ground to pass a 300-mesh screen, will have a 
total surface area in the order of several thou- 
sand times that of the original particle. The 
metallurgical problems in powder metallurgy 
therefore become involved with surface phe- 
nomena to such a degree that they may be the 
most important controlling factors in the success 
of the process. Effect of adsorbed films, chem- 
ical film formation, surface tension, vapor pres- 
sure are some of the problems to be investigated. 
Physical laws dealing with the flow of fine 
aggregates under pressure, relation of voids to 
size and shape of material, formation of ridges 
and flow structures, all have to be considered 
in the development of procedures that will give 
satisfactory results. 

The fundamental metallurgical problems of 
powder metallurgy do not appear to be much 
different from those that the physical metallur- 
gist encounters in dealing with metals or alloys 
in more massive form, and the same methods 
of study are applicable. In fact it is possible 
that the study of powder metallurgy will give 
physical metallurgists a better opportunity to 
observe phenomena that affect the melting, 
casting and fabrication of metals and alloys 
with the reasonable expectation that valuable 
information may be obtained leading to im- 
provements in standard metallurgical practices. 

The further development of sources of sup- 
ply of suitable metal powders in the required 
quantities will influence the growth of powder 


metallurgy. Much experimenting is being done 
in the production of metal powders and future 
developments are awaited with interest. 

Powder metallurgy has already demon- 
strated its value to industry and further expan- 
sion may be expected. 


Improvements in Tubes 
By Alan Morris 


Chief ‘letalluraist Bridgeport Brass ¢ 


) 
Bridgeport, Cons 


Hk TREND OF DEVELOPMENT in tube 

mill practice is guided by the increasingly 
exacting demands for better quality, closer 
dimensional tolerances, new alloys for new pur- 
poses, and more rapid deliveries. At the same 
time, much of this must be accomplished at little 
or no increase in cost of production. 

These requirements have motivated the 
adoption in recent vears of the extrusion press, 
the tube reducing process and bright annealing. 

Just as the requirement for better steam 
condenser tube material has led to the use of 
copper-nickel and aluminum brass, so the more 
severe and varied requirements of the oil refin- 
ing industry are stimulating research to find 
new and better alloys for its use. Exchangers 
are used for transfer of heat from vapor to 
water, oil to oil, vapor to oil, vapor to vapor, or 
oil to water. Temperatures and pressures are 
sometimes high. What with brine, hydrogen 
sulphide and ammonia, many of the conditions 
are extremely corrosive and constitute a chal- 
lenge to research. Sometimes it is not possible 
to find among the alloys at present known one 
which is resistant al the same time to both the 
inside and outside condition. Composite tubes 
are being used experimentally, with some prom- 
ise of success. If this promise is fulfilled 
improvements in methods of production of com- 
posite tubes may be expected. 

A need is felt for moderately priced tubes 
for high temperature and pressure applications. 
Obviously the alloy which would fill this 
requirement would be refractory and bring with 
it manufacturing difliculties which might call 
for modification of present production methods 
or development of new ones. 

Requests for brass tubing in hard-drawn 
condition bring with them the need for a true 
relief anneal to avoid danger of season-cracking. 
The use of specially designed furnaces for this 
purpose will undoubtedly become general. 
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Copper and Its Alloys in Wrought Form 


Prepared by M. G. Steele, Technical Adviser, Revere Copper and Brass, Inc. 


PROPERTIES 
Type COMPOSITION (Harp & SOFT) | 
METHODS 
METAL | uel Forms PROPERTIES AND USES OF 
TENSILE | ELonG- | ELastic 
| cu | ZN | Ps | Sw | Nr STRENGTH) ATION | | 
| | | | Sheet; Bar; Corrosion resistance; ductility; high con-|Stamp; Draw; 
Copper | | 51,000] 4 | 48,000 ce, ity: 
(electrolytic) 999 | 51.000 | | Forge: Form’ 
Ton stver per ton | $3900) at | Ship: Roa [lock seam tubing 
Copper 99.9 0.04 phosphorus | 55,000 5 44,000 | Sheet; Draws and coils better than electrolytic.|Stamp; Draw; 
(phosphorized) |“~" max. | 35,000; 45 16,000 | Strip; Tube | Water, refrigerator and oil-burner tubing Forge 
Copper leas 0.04 po 60.000 4 55,000 | Sheet; High strength; resists heat and flaking.|Stamp; 
(arsenical) | 0.30 arsenic 36,000 | 40 7,000 | Tube; Plate | Condenser tubes Draw; Forge 
Copper / ' 80,000 4 High strength. High strength parts; Draw; 
(cadmium) | 35,000 | 45 68,000 | Rod trolley Forge 
Copper 175,000 | 6 134,000 | Sheet; Very high strength; hardness; high con-|Stamp; Draw; 
(beryitium) |98 2.00 beryllium | 75,000 | 45 31,000 | Tube; Rod | ductivity. Springs; cutting tools Forge; Form 
Brasses 
Gilding | 55,000 39,000 | Sheet; Ductility; reddish gold color. Primers;|Stamp; Draw; 
metal | 95 5 | | 35,000 | 38 11,000 | Strip; Tube | detonator fuse caps; jewelry; forgings Sonne: Form 
Sheet; Ductility. Used for color match; stamped|Stamp; Draw; 
Commercial | 67,000 53,000 | Strip: h 3 
bronze 90 10 | | 37,000} 40 11,000 a: ardware; bullet jackets; jewelry; caskets;|Forge; Form; 
screen cloth 
Rich | 75,000 4 52,000 | Sheet; Corrosion resistance. Brass pipe; jewelry; oo 
low brass | 42,000 | 43 15,000 badges; name plates; etchings; tags; dials 
Low brass |80 (20 | 85,000 4 65,000 | Sheet; Corrosion resistance; yellow color. Jewelry|Stamp; Form; 
Seventy-thirty 43,000 50 15,000 Tube ton bellows. Draw; Spin 
or 70 = |30 | 86,000 4 65,000 eet; g uct ty; eep rawing. Pins; rivets; Stamp; Spin: 
cartridge brass 45,000 50 15,000 nad a: radiators; cartridge shells; spun Deep Drawing 
rase 90,000 4 70,000 | Sheet; High ductility; deep drawing. Brass pipe;|Stamp: Spin: 
High b 66 js 48,000 | 50 15,000 | Strip auto reflectors; stampings; radiator fins Deep Denwinn 
Leaded es |335/| 15 80,000 5 60.000 | Sheet: Forming by bending; free machining. En- Stamp; Form: 
gravers’ brass; lighting fixtures; clock and 
high brass 45,000 | 60 15,000 | Strip watch backs; gears; keys Bend; Punch 
Free cutting 62,000 | 20 25,000 | pod Typical brass rod; free machining. Ex-|Machine, 
rod 62 (35 | 3 47,000 | 60 15,000 truded shapes; screw machine parts ee 
Forging rod |60 | 2 70,000 19 31,000 Rod faucet handles; shower Extrude; 
e achine; 
Muntz metal (60 (40 80,000 9.5 | 60,000/ Sheet; Condenser tubes and heads; ship sheath-|Draw; Punch; 
57,000 | 48 15,000 | Plate; Tubes|ing; perforated metal; brazing rod rge 
Architectural 70.000 10 55,000 | Sheet: Strength; hardness; free cutting. Ex ae, 
56 (41.25) 2.75 forgi ri .| Forge; 
bronze 000 | 20 | 15,000 |Strip truded shapes; forgings; interior orna-|s8uS; 
Special Brasses 
110,000} 4 83,000 | Sheet; High strength; weldability. Refrigerator| Resistance 
| | evaporators; fire extinguisher shells Weld; Stamp; 
Aluminum 
76 |22 |2.0 aluminu 83,000 | 17 75,000 Resistance to corrosion and erosion; self| Draw; 
brass | — 000 | 52 16,000 | Tube healing skin. Condenser tubes Extrude 
95,000 5 92,000 | Sheet; Resistance to corrosion, especially of sea| Stamp; Draw; 
60 18,000 | Strip; Tube | water. Condenser tubes Extrude 
Sheet; Resistance to corrosion in sea water. Tube : 
Naval brass /60 (39.25 0.75 Rod: heads; marine shafting; bolts; forged 
’ ’ Tube parts; window anchors orge 
Bronzes 
15 Sheet; Resilience; strength; hardness; corrosion| Stamp; 
Boor eas Bye 12 40,000 | 48 15,000 | Strip resistance. Springs; bearings; small parts| Form; Weld 
110,000 | 3 85,000 | Sheet; Stamp; 
bronze phorus 55.000 | 55 25,000 | Strip: Rod Similar to above. Welding rod Form: Weld 
Strength; weldability; corrosion resistance.| Stamp; 
Silicon bronze /96.25 0.50 110,000 | 5 100,000 Tanks; bolts; screws; lags; chain; loco- 
iat 000 | 55 25,000 , motive hub liners; welding rod. Extrude; Cast 
—— 95 5.0 aluminum 105,000 5 80,000 | Sheet; Corrosion resistance; strength; golden|Stamp; 
| | 57,000 55 24,000 |Tube: Rod |color. Condenser tubes; gift articles Extrude; Draw 
Manganese | 1.25 | 0.05! 75.000! 5 50,000 | Sheet; Resistance to wear and corrosion. Weld-/ Extrude; 
59 (39 0.75 y , Strip; ing rod; perforated coal screens; extruded| Perforate; 
bronze [| Fe. | Mn} 60,000| 35 15,000 | Rog? wearing parts Weld 
Nickel-Silvers 
Nickel silver Sheet; Resistance to corrosion; strength. Ex-|Forge; 
(typical 65 20 | hs Strip; truded shapes; table silver; instruments; | Extrude; 
, id key stock; springs Stamp 
Cupro-Nickels 
Cupro-nickel 80 20 80,000 3 78,000 Tube Resistance to corrosion, erosion, heat and 
(eighty-twenty) 49,000 | 42 17,000 chemical attack. Condenser tubes 
Cupro-nickel 84,000 4 83,000 Tube Same as above but more resistant to cor- 
(seventy-thirty) | 70 30 49,000 | 50 18,300 | rosion. Condenser tubes 
Cupro-nickel | 85,000 5 77.000 ‘Same as 80-20 above but less resistant to 
(zine alloy) | 50,000 | 35 23,000 Roa corrosion. Condenser tubes 
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Electroplates 


By Carl E. Heussner 
‘ngineering Laboratories 


Chrysler Corporation, Detroit 


NDUSTRY and the consuming 
public have become quality 
minded regarding electroplated coat- 
ings. This knowledge will do much 
to advance the industry in the next 
few vears. With the fine cooperation 
that exists between producer and 
consumer, we can expect great improvements. 
There has been great progress made in the 
last few years with bright nickel and copper 
deposits, electro-color and anodic coatings. 
These have all been advances to promote quality 
and economy. 

In the next five vears we can expect to see 
the use of electro-deposits increased on present 
materials, on such newcomers as_ plastics, 
fabrics, and other molded material as well as a 
great extension of its use in the ceramic field. 
Most of these uses will be decorative, but there 
will also be extended use of electrolytic coat- 
ings for corrosion resistance and mechanical 
wear. Some applications that will undoubtedly 
advance will be selective deposits in gas media, 
and electro-deposits on marine work. 

Alloy plating is showing considerable 
promise, and like the use of ferrous and non- 
ferrous alloy base materials, electro-deposits will 
be alloyed to give the final coating the desired 
surface appearance and physical properties. 

It would appear as though the future out- 
look for the electroplating industry is very 
good, and the next five vears will see tremen- 
dous progress in this field — which, as a matter 
of fact, has become a very scientific industry. 


Trends in Copper Alloy 
Production 


By 1). K. Crampton 
Director of Research 
Chase Brass & Cx ypper Co. Waterbury, Conn 


QO TENDENCY in copper alloy production 

is toward larger units of metal, mechanical 
handling and continuous annealing, all of which 
tend toward greater production, lower cost and 
improved uniformity of product. In this con- 
nection, particular mention can be made of 


mechanical feed to large 
or break-down rolls, 
together with conveyor 
systems to facilitate the 
movement of heavy bars 
through the first stages 
of operation. The trend 
in melting furnaces is 
likewise toward larger 
units, partly to permit of 
greater unit weights, but 
more particularly to 
increase the economy. 

In general, annealing furnaces tend more 
and more toward the continuous conveyor type 
with moving or roller hearths, and there is also 
a simultaneous development in strip annealing 
for wire and strip. One of the very interesting 
trends is that toward forced convection type 
annealing furnaces capable of operating up to 
quite high temperatures and having great flexi- 
bility of time and temperature cycles. In addi- 
tion, they are outstanding as regards economy 
and uniformity, and usually incorporate atmos- 
pheric control and facilities for quenching or 
otherwise rapidly cooling. Incidentally, this 
development of forced convection type furnaces 
might bring about some reversal of the present 
trend toward conveyor furnaces. The uniform- 
itv of temperature inherent in the design largely 
overcomes the greatest objection to the older 
batch type furnaces. With this increased uni- 
formity and recognized flexibility, there will 
probably be an increased number of them used 
for appropriate types of work. 

There has been much activity in patenting 
of new alloys and the probability is that this 
will continue. Most of the patents cover modi- 
fications of previously known alloys rather than 
decidedly new ones. This of course is not sur- 
prising, as the field has been so_ intensively 
combed for so long a period. 

One of the outstanding alloy developments 
has been the use of antimony, arsenic or phos- 
phorus to prevent dezincification in admiralty 
and other condenser tube alloys subject to such 
attack. The trend is strongly toward these 
modified alloys, with the indication that they 
might supplant the older, unmodified materials. 
These elements are remarkably effective when 
used in practically any of the copper-zine alloys, 
which in their absence might dezincify. 

In the age hardening field, the copper- 
nickel-phosphorus alloys, with or without other 
elements, are among the most interesting 
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recently described, having unusually good com- 
binations of strength and electrical conductivity, 
together with excellent fabricating qualities. 
They are well suited to such applications as 
trolley wires, telephone wires and transmission 
lines. It is expected that alloys of this type will 
be produced in considerable quantities in the 
coming vears. 

Patents were issued some time back on the 
use of sulphur and selenium, and of tellurium, 
for rendering copper alloys freely machinable, 
but no particular commercial application of 
these materials has been made until quite 
recently. The tellurium-bearing alloys are now 
being fabricated commercially both in rod and 
tube forms and show excellent combinations of 
machinability, forgeability and high conductiv- 
itv, or of machinability, forgeability and harden- 
ability. Already a considerable quantity of 
these allovs has been consumed and the indica- 
tions are that this trend will continue. 


Magnesium & Hts Alloys 
By B. Grant 


Sales Manager 
[he | Jow Chernical ( ‘0 Midland Mic higan 


SE OF MAGNESIUM and its alloys has 

progressed very rapidly during the past 
vear. Its more general acceptance by the air- 
craft industry has been particularly gratifying. 
The use of high pressure die castings in aircraft 
is readily expanding due to the sound, dense 
metal that can be obtained by this process and 
to the fact that larger production of airplanes 
results in quantities of castings large enough to 
absorb die expense. 

Great advances are being made in the hot 
forming of magnesium alloy sheet. Deep draws 
have been made which were considered impos- 
sible a short time ago. We believe that the use 
of magnesium alloy in sheet metal form will be 
greatly expanded as these methods of hot form- 
ing become better known. 

Magnesium alloys are tending toward higher 
purity following the same trend that zine die 
casting allovs went through a few years ago. 
It is found that these higher purity alloys are 
greatly improving the basic corrosion resistance 
of the material, Major developments are also 
occurring in the methods of surface treating 
magnesium alloys prior to painting and they 
give remarkable resistance in sea shore and 
marine atmospheres. 


Metal Progress: Page 354 


Zinc and His Alloys 


By W. M. Peirce 
( ‘hief Resear Jivision 
The New Jersey Zinc Co 


Palmerk m 


ROGRESS in the applications of metallic 

zinc during the last decade has hinged 
largely around the commercial availability of 
zine of 99.99% purity. Both the electrolytic 
and distillation processes are capable of still 
vreater purity. (A tendency persists to apply 
the term “electrolytic” to all high purity zine in 
spite of the fact that a very large proportion, if 
not a majority, of the 99.99% zine produced in 
this country is distilled.) It is therefore natural 
that the possibilities of further advances along 
the lines of increased purity should have been 
thoroughly explored. 

This has been done in the laboratories with 
which the writer is associated — and doubtless 
elsewhere — but without results so far as is 
known. In the die casting field no further 
improvement comes from zine beyond the 
99.99° which has been commercially available 
for some years. In the hot galvanizing and 
electro-galvanizing fields the same is even more 
true, since the advantage of 99.99 over the old 
99.91°° grade has been diflicult to demonstrate 
except in special cases. In the brass field the 
use of 99.99 in preference to 99.94 has been 
almost entirely based on the additional toler- 
ance for contamination, and the practical 
advantage of purity beyond 99.99. this 
respect is doubtful. 

From this analysis of the progress in the 
last decade, it would seem that we must look 
for future advances in the direction of better 
applications of the raw material already avail- 
able. It is difficult to believe that the last 
frontier has been reached in alloys for casting 
or for rolling, even though the cream has been 
skimmed. However, it seems that any new 
developments will probably result from studies 
employing the most modern research tools of 
physical metallurgy. 

In spite of the damaged reputation of gal- 
vanized roofing sheets, resulting from the thinly 
coated sheets marketed for the last 25 years, it 
is becoming more and more clearly recognized 
that heavy zine coatings are the protection par 
excellence for steel. Improved methods of hot 
and cold galvanizing, and of spray coating, are 
to be expected. An important expansion in the 
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use of sprayed metal coatings appears to the 
writer to be inevitable. 

A related use of metallic zine which many 
believe is on the verge of a rapid expansion is 
the use of zine dust paint for metal protection. 
Ideal as a hot dipped, heavy electro-galvanized, 
or sprayed coating may be, there will always 
remain those places where 
none of these methods is eco- 
nomically applicable and 
where paint must be relied 
upon for protection. Extensive 
testing programs carried out 
over a number of vears have 
shown that zine dust paints, 
particularly those formulated 
with moderate amounts of zine 
oxide and iron oxide, are 
unequaled as priming coats 
next to the steel and they are, 
for many types of service, 
excellent finish coats. The use 
of such paint as a shop coat for 
structural steel, railroad cars, water tanks, and 
fresh water marine structures, to mention but 
a few examples, seems destined to progress 
rapidly now that non-gassing zine dust is avail- 
able and proper formulations have been 
worked out. 

To summarize, raw material of more than 
adequate purity is already available in suflicient 
quantity, and advance in the zine field during 
the vears immediately before us depends upon 
progress in utilization of this raw material. 


Aluminum and Hs Alloys 
By E. H. Dix, Jr. 


Aluminum Research Laboratories 
New Kensington, Pa. 


ROGRESS in the aluminum industry during 

the past few years has been more in the 
nature of steady improvement in the products 
and expansion of manufacturing facilities than 
of spectacular new alloys or processes. Speak- 
ing generally, these improvements are not indi- 
vidually of large moment but, in the aggregate, 
they make for a wider and more successful use 
of aluminum and its alloys. Several develop- 
ments, however, deserve special mention. 

An outstanding accomplishment culminat- 
ing in limited commercial application during 
the vear is the successful brazing of aluminum 
alloys. This new process should undoubtedly 
broaden the use of aluminum alloys and 


cheapen the manufacture of articles now pro- 
duced by other methods of jointing. The suc- 
cessful brazing of aluminum alloys is the result 
of the discovery of suitable fluxes and low melt- 
ing point aluminum base brazing materials. 

A new aluminum base die casting alloy 
known to the trade as Alcoa 218, with superior 
strength and resistance to cor- 
rosion, was announced during 
the vear and bids fair to attain 
an important position the 
field. The alloy contains, nom- 
inally, 


develops a higher strength and 


magnesium, and 


elongation than any of the pre- 
viously available aluminum 
die casting alloys. 

Another product developed 
several vears ago for a special 
application has entered the 
commercial field for more gen- 
eral use during the year. This 
material, Alelad (72S)35S, is a 
medium-strength, wrought product especially 
suitable for handling corrosive liquids, and will 
undoubtedly find wide usefulness for tanks and 
similar items of equipment. It is particularly 
suited for combatting localized corrosion and 
perforation. 

Aluminum beer barrels, which were intro- 
duced on a modest scale a few years ago, are 
now established firmly in the brewing industry 
and are being produced literally by the thou- 
sands. The success of this barrel when used for 
the transportation of other liquids has more 
recently resulted in the design and marketing 
of an aluminum carboy. 

Several of the alloys formulated several 
years ago have become more firmly established 
with the trade and have permitted the use of 
light alloys in new fields. For example, marine 
applications were for years restricted by the 
fear of the susceptibility of the available struc- 
tural alloys to salt water corrosion. Now, how- 
ever, a'lovs of adequate strength and high 
resistance to corrosion are being used to an 
increasingly greater extent. The construction 
of all-aluminum racing and pleasure’ boats 
already has been undertaken on an _ experi- 
mental scale and it seems entirely possible that 
light alloys will be used to a large extent in 
future craft of these types. 

Aluminum alloys have retained their 
important position in aircraft and have con- 
tributed substantially to the recent spectacular 
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accomplishments of that industry. With regu- 
lar transatlantic passenger and mail service 
already established, and stratosphere flying 
proposed for the near future, the demands upon 
the structural materials and power plants 
undoubtedly will become still more exacting. To 
meet these and other rigorous requirements by 
active investigation of new alloys and processes 
increased facilities for research and develop- 
ment are necessary. The Aluminum Research 
Laboratories’ buildings are even now being 
enlarged by the construction of two new wings; 
one to house one of the most powerful testing 
machines in the world, the other to furnish 
space for additional offices and laboratories. 
Manufacturing facilities are also being 
expanded. A new plant for the processing of 
raw bauxite has been completed in Mobile and 
several of the reduction plants have been 
expanded. Extrusion plant facilities were 
expanded by the construction of a new mill at 
Lafayette (Ind.), while additional casting and 
forging capacity was provided by a new plant 


in Los Angeles. 


Electrolytic Manganese 


and Hts Alloys 
By R. S. Dean, Chief Engineer, 


Metallurgic al diy Bureau of Mines 
US | Jepartment of the Interior 
Sal Lake City, Utah 


OMMERCIAL PRODUCTION of a metal 
having a purity of 99.98% is always of 
interest. When that metal is one of the few 
really plentiful metals in the earth’s crust 
namely manganese — it would seem that some- 
thing of major importance has been accom- 
plished. 

The electrolyUc preparation of metallic 
manganes sunced two years ago by the 
Bureau o« Mines, has been improved and com- 
mercial production begun at Knoxville, Tenn., 
by the Electro Manganese Corporation. While 
the amount of material vet available is rela- 
tively small and the price necessarily high, 
there have been no developments which would 
indicate that with really large-scale production 
electrolytic manganese cannot be produced al 
a price in the same range as copper or zine and 
considerably below that of nickel. When such 
costs are reached there are many obvious uses 
for this pure metal in the steel industry, which 
how consumes nearly all of the manganese. 


Of more metallurgical interest, however, is 
the value of this manganese as a base metal for 
non-ferrous alloys. While the pure manganese 
itself is brittle, it can be readily made highly 
ductile by alloying with less than 3° of cer- 
tain elements; for example, 2° copper and 1% 
nickel. Such a slightly alloyed manganese can 
be drawn into fine wire and worked in any 
other way desirable. Cold-worked material has 
a tensile strength of 150,000 psi. and may be 
greatly hardened by suitable heat treatment. 
Since the modulus of elasticity of gamma man- 
ganese is of the order of 20,000,000 psi., it will 
be seen that high rigidity can be obtained with 
suitable dispersion hardening. 

Of perhaps greater engineering interest Is 
the fact that many alloys high in manganese 
such as the 90° manganese, 10°. copper alloy 

have an exceptionally high vibration damp- 
ing capacity, exceeding 10‘, for very small 
applied stresses. The possibilities of such mate- 
rial in spring suspensions and other machine 
elements will be at once apparent. All of these 
alloys are capable of heat treatment to develop 
a great variety of properties, 

The new manganese also enters ductile 
alloys with copper and nickel, and copper and 
zine, having very much higher manganese than 
has heretofore been possible. Almost the entire 
range of copper-nickel-manganese alloys are 
ductile; and the alloys containing 75‘. or more 
manganese which could not be satisfactorily 
made with the alumino-thermic material prom- 
ise to have the most interesting properties of 
the entire group —— namely, a very high coefli- 
cient of linear expansion, reaching 28x10° em. 
per cm. per °C.; electrical resistance of nearly 
200 ohms per em.*, and a zero temperature 
coellicient of electrical resistance. Alloys of this 
series containing somewhat less manganese are 
highly corrosion resistant and have physical 
properties at least as good as those of nickel 
silver. 

The manganese-copper-zine alloys the 
high manganese and relatively low zine con- 
tents have essentially the properties of alpha 
brass, but the color of nickel silver. Alloys 
containing 65° or 70% zine, 20% manganese, 
and the balance copper, give excellent: high 
strength castings and should be attractive on 
account of their cheapness. 

Electrolytic manganese alloys with alumi- 
num in an entirely different manner than the 
silico-thermic or alumino-thermic metal. As is 


well known, more than 2‘. of manganese added 
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to aluminum produces a coarsely 
crystalline structure with com- 
paratively little ductility. By the 
use of high purity aluminum with 
electrolytic manganese this 
coarsely crystalline structure is 
not obtained until more than 7 or 
8‘. of manganese is added. Since 
manganese is a most desirable 
hardener for aluminum from =a 
corrosion standpoint, the ability to 
increase the hardness of alumi- 
num by the addition of manganese 
alone should prove of value. 

Finally I must mention the exceedingly 
interesting alloys of iron, chromium, and man- 
ganese. When these alloys are prepared from 
pure materials highly ductile allovs may be 
obtained which are hardenable by a quenching 
and re-heating process, and which retain a 
high degree of stainlessness in the hardened 
condition. A typical alloy of this class contains 
18% chromium, manganese, and the bal- 
ance iron. 

As the properties of manganese alloys made 
with pure manganese are re-investigated it 
seems highly probable that a large number of 
useful alloys will be found. As a base metal 
for alloying purposes manganese has several 
basic advantages: A_ relatively high melting 
point; a higher modulus of elasticity than other 
non-ferrous metals; several allotropic transfor- 
mations which permit the development of heat 
treatable alloys; and most important of all, the 
possibility of eventual production at a low cost. 


Silver, a Commodity 
By Lawrence Addicks 


Bel Air, Marylanx | 


ILVER finds itself at the crossroads and 

prediction as to its future calls for pro- 
phetic gifts. The controversial “16 to 1” of 
history has spread to 100 to 1 and, short of the 
exigencies of war financing, we are dealing with 
a commodity, pure and simple. Those who sell 
it are well aware of this and its future status 
depends upon how quickly those who might 
buy it acquire an appreciation of the fact that 
they have to deal with a noble rather than a 
precious metal, Meanwhile the U.S. Treasury 
continues to hold a somewhat leaky umbrella 
over the situation, devoutly hoping the weather 


may clear! 


We therefore start with the 
price of silver in August 1939 at 
one-sixth of its former value in 
terms of gold, and the obvious 
necessity of greatly expanding its 
industrial use. The systematic 
search for uses which has been 
sponsored by associated producers 
for several years past, has resulted 
in convincing this observer, at 
least, that a solution lies right at 
hand in applying what we already 
know about the properties of the 
pure metal. 

Silver has been used chiefly for the photo- 
chemical response of the halide salts, as an 
optical reflector and as a jewelers stock in 
trade, with electrical contacts and brazing 
alloys as recent additions. ‘This is a poor show- 
ing when we consider that it has great resist- 
ance to oxidation, is unattacked by organic 
acids or strong alkalis, has unapproached elec- 
trical and thermal conductivities, very high 
reflectivity for most wave lengths, and fungi- 
cidal and bactericidal properties — to give but 
a partial catalog. 

This, certainly, is quite a bag of tricks, 
wherefore a systematic campaign of developing 
methods of forming non-porous silver coatings 
on metals, plastics, glass, paper, and other mate- 
rials has been coupled with a series of compara- 
tive tests with competitive linings now used in 
tanks, vessels, bottles, cans, and containers of 
all sorts, many of which are admittedly lacking 
in one or another desired characteristic. 

A great deal of work is underway in techni- 
cal laboratories throughout the country, much 
of it stimulated by the subsidized research 
already referred to, but some of it quite inde- 
pendent thereof—as in the recent work on 
silver in stainless steels. A number of com- 
panies are working on silver bearings, certain 
alloys are under scrutiny, special coating meth- 
ods are being developed. My personal view is 
that silver as an industrial metal is headed 
toward a large development and that the future 
peace of mind of the silver producer is very 
closely bound up with the accuracy of this 
prediction. 

If the foregoing seems a little sketchy, it is 
because the Editor of Merat Progress is a mas- 
ter of epitome. He is quite capable of asking 
for 150 words on the influence of the Koran on 
the present development of religious thought in 


Egypt! 
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YOUR SAFEST 
“PREPAREDNESS” 
FOR 1940 


No matter how big your load may 
be next year, you will safely, 
quickly and economically clean it, if 
you select the ROTOBLAST airless 
cleaning Table to do the work. It 
has top production speed and low 
operation cost. For all flat and 
fragile work. A size and type for 
every requirement. 


BLASTING 


SMALL SHOPS 
FAVOR THIS CABINET 


Smal! shops need this efficient 
“UTILITY” Blast Cleaning Cabinet 
because it gives them the speed, 
economy and prestige in their 
finishing work, usually enjoyed 
only by their bigger brothers. Now 
Pangborn introduces the inexpensive 
“UTILITY.” Demand will be great— 
do not delay your inquiry. 


ROTOBLAST 
Table Cleeni 
Heat Treated Axles 


SEE OUR EXHIBIT AT THE 
NATIONAL METAL SHOW IN CHICAGO 


Operating Demonstrations of ebove equipment ot Booth “F-211" 


PANGBORN CORPORATION HAGERSTOWN, MD. 
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Heat Treating for 


Machinability 
By A. L. Boegehold 


Head, Metallurgy Dept 
( 1eneral tors Resear Laboratories 
Detroit 


qs MACHINING rear axle ring gears and 

pinions, it is desired to condition the steel so 
that not only will machining be most econom- 
ical but a fine finish obtained. The fine finish 
is necessary because no further finishing is done 
after hardening. The quality of the surface has 
an influence on the quietness of the gear and 
upon its durability. 

A few years ago difliculty was experienced, 
particularly with the nickel-molybdenum type 
of carburizing steel, because of the presence of 
hard spots created during ordinary normaliz- 
ing (a gradual cooling through the lower critical 
temperature). These hard spots proved to be 
small regions of martensite; carbon and pos- 
sibly nickel and molybdenum segregation 
increased the hardenability in these spots to the 
extent that transformation was suppressed even 
by air cooling after furnace cooling down to 
1200° F. This segregation of carbon and alloy 
occurred during furnace cooling through most 
of the transformation range. The cure for this 
was found to be a special annealing cycle, con- 
sisting of cooling rapidly through the Ar, by 
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Heat Treating 


and Finishing 


transferring from the high temperature furnace 
to one at 800° F., and holding at that tempera- 
ture. Cooling through the transformation range 
in this way retards migration of carbon to local- 
ized bands in those steels prone to this tend- 
ency. Those heats of steel having less tendency 
to form the banded structure require no special 
annealing treatment to prevent the occurrence 
of hard spots. 

Complete prevention of banding, insuring a 
homogeneous structure, could be accomplished 
by including a salt bath quench at about 1200° F. 
as a part of the normalizing cycle. Such a cycle 
would begin by heating to 1750 to L800° F, for 
the purpose of obtaining a coarse grain size, 
followed by cooling to about 1425° F. (which is 
slightly above Ar,) at which time the structure 
would consist entirely of austenite free from 
any carbon segregation. At this point the forg- 
ings would be quenched in a liquid salt bath at 
a temperature where isothermal transformation 
would yield a type of structure most desired for 
good machining. The rapid cooling through 
the transformation range as a result of the 
quench in salt would completely prevent any 
carbon segregation and then isothermal trans- 
formation at a suitable temperature would yield 
the type of structure found best suited for 
machining purposes. The pronounced differ- 
ence between the structures obtained by hold- 
ing at 1200° F. after furnace cooling in one case 
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and salt quenching in the other is due to the fact 
that in the former, constant temperature trans- 
formation occurs in microscopic patches of high 
carbon steel, while in the latter case the carbon 
is uniformly distributed. 

Many variations of this cycle could vary 
the final microstructure. As an example, after 
immersing the forgings in one end of a long 
salt bath they could be moved toward the other 
end (maintained at a higher temperature) at a 
‘ate that would cause the transformation to 
begin at 1200° F. or lower in order to get an 
adequately rapid quench and progress toward 
some higher temperature in order to get the 
desired austenite decomposition products. 

Pursuing the idea of annealing by means 
of a salt bath still further, yields the thought 
that the normalizing furnace could be elimi- 
nated by placing hot forgings, immediately on 
completion of forging and trimming, into a salt 
bath held in the neighborhood of 1200° F. The 
coarse grain size as a result of the forging tem- 
perature would be ideal for easy machining, the 
‘apid cooling to 1200° F. would prevent any fer- 
rite banding, and the transformation at con- 
stant temperature would dispose the carbides 
in the form desired for easy machining. The 
important advantage gained would be the fine 
dispersion of ferrite, favorable to a smooth fin- 
ish in the machining operation. The exact 
details of such a process for obtaining the 
desired machining characteristics could not at 
present be prescribed but the possibilities 
appear favorable enough to warrant careful 
investigation. 

Processing of large quantities of forgings 
in this manner would probably require that the 
salt bath, in addition to having heat supplied to 
it for bringing it to temperature, would have 
cooling coils to remove the heat introduced by 
the hot forgings. 
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Heat Treatment of Tools 
By S. ee Spalding 


Metallurgical Engineer 


The American Brass Co., Waterbury, Conn. 


OOL HARDENING, a more familiar term 

than the heat treatment of tools, requires 
means of heating of the tool and means for ; 
cooling (usually termed “quenching after heat- 
ing’) then a second reheating for tempering 
(or, as more commonly known, “drawing”). In 
the early days these facilities could be pretty 
well described by the blacksmith’s term “fire 
and water”. In recent years there has been 
developed very specialized pieces of equipment 
for these operations and it is some aspects of 
these as they now exist and may be cautiously 
predicted in the future that I will mention here. 

For the second operation, cooling, we have 
the various standard mediums such as water 
and water solutions (brine and sodium hydrox- 
ide), oils, molten baths of salt or lead, and 
finally, air — either still air or an air blast. The 
properties of these various mediums have been 
rather thoroughly investigated and they are 
applied as suits the tool to be treated. The 
development of satisfactory means for the third 
step, tempering, while stagnated for many years 
to heating on a hot plate or before the open 
door of a furnace, has in quite recent times been 
well taken care of. We have available all 
types of liquid baths — oil, salt or lead — with 
fuels whether electricity, gas or oil, automat- 
ically controlled so as to maintain almost abso- 
lutely uniform temperatures with no attention 
required from the operator other than the set- 
ting of the mechanism and charging and dis- 
charging the work. We also have oven or retort 
type convection furnaces with forced circulation 


of atmosphere, all very accurately controlled. 

I have left mention of the first operation of 
heating the tool till last, for this reason: While 
great strides have been made in types of fur- 
naces and equipment for uniform heating of the 
tool, another very important part of the opera- 
tion, protection of the surface of the tool during 
heating, has only fairly recently received very 
widespread consideration. It has now been 
recognized, however, as the very crux of the 
situation, as illustrated by the increasing num- 
ber of technical papers presented at our conven- 
tion gatherings and to local groups on furnace 
atmospheres, so-called “controlled atmos- 
pheres”, their means of production and control 
and the effect upon tools. Attendance at the 
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Metal Shows from year to year cannot fail to 
show the increasing number of displays of 
equipment for hardening in controlled atmos- 
pheres, and its constant improvement. One 
can today, if his ear is to the ground, even hear 
whispered the words “bright hardening”. 
Devices for approaching 
this condition are numerous and 
varied in method. The progress 
toward the development of inert 
or strictly neutral atmospheres 
has been substantial so that the 
writer feels confident the time is 
not far distant when “bright 
hardening” will be an accom- 
plished commercial process and 
we will no longer be constrained 
to grind, pickle, polish, blast, or 
what have you, to remove the 


in equilibrium with a steel of some definite 
carbon content at any given temperature. Thus, 
a prepared gas may be in equilibrium with a 
045° carbon steel at 1500° F., yet it would 
decarburize steels with higher carbon and car- 
burize those with lower carbon, the tendency 
being to adjust the surface car- 
bon concentration on higher or 
lower carbon steels to the equi- 
librium point of 0.45°¢. 

These conditions of equilib- 
rium change with gas composi- 
tion, temperature, carbon 
content of the steel and other 
elements in the steel. Silicon 
tends to lower the carbon equi- 
librium point and manganese 
tends to raise it. The normal 
impurities usually present in 


damaged surface put on our 
carefully made tool in the heat- 
ing furnace, and put it into such 
shape it is fit to use. 

This I feel is our major problem in the 
heat treatment of tools and is nearer final solu- 
tion today than ever before. Who knows what 
additional properties and performance we may 
expect from tools which have been “bright 
hardened”? 


Atmospheres for 


Scale-Free Hardening 
By Robert B. Schenck 


( chief Metallurgical Engineer 
Buick Motor Division, General Motors Cs rp 
Hint. Mich 


HE DESIRABILITY of scale-free hardening 

has received increasing recognition in the 
past few years with the result that equipment 
is now available for the commercial production 
of furnace atmospheres which can be controlled 
with a high degree of accuracy. 

Furnace atmospheres for hardening steel 
cover a range from scaling to carburizing, con- 
sidering these effects as the two extremes. In 
scale-free hardening the atmosphere may be 
either carburizing, decarburizing or neutral to 
the particular steel being processed. The 
requirements of the job will in each case deter- 
mine the type of atmosphere to be used. 

Neglecting for the moment the effect of 
alloying elements and impurities in the steel, 
any atmosphere capable of carburizing will be 


steel have no appreciable effect. 
It follows that the same gas may 
carburize under one set of con- 
ditions and decarburize under 
another, or it may be neutral and leave the sur- 
face carbon of the steel unaffected. It is diffi- 
cult, therefore, to do more than cite specific 
conditions that have given satisfaction. 

The general principle underlying the manu- 
facture of most of the commercial gases for 
scale-free hardening involves the partial com- 
bustion of fuel gas with the production of 
hydrogen, carbon monoxide, carbon dioxide, 
water vapor, nitrogen and a small amount of 
hydrocarbons. The requirements to be met 
determine the additional processing the gas 
must receive with respect to the removal of 
detrimental components, mainly moisture and 
carbon dioxide. 

A recent development, in which partially 
burned fuel gas is processed to nearly pure 
nitrogen (99.8 N.), is now available for work 
which justifies the expense of such an atmos- 
phere. The 0.2% of gas other than nitrogen 
may be either CO or O., and it is claimed that 
the composition can be controlled so as to be 
definitely on one side or the other. Some engi- 
neers prefer a mixture of more active gases, in 
the sense that enough carbon should be present 
to render innocuous the oxygen and moisture 
unavoidably carried into the furnace with the 
work when it enters. 

The physical chemistry involved in the reac- 
tions between mixed gases and steel at high 
temperatures is exceedingly complex and until 
recently was little understood. Due to the 
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increasing demands of industry, this subject is 
now receiving intensive study and rapid prog- 
ress is being made in the development of equip- 
ment for the production of economical and 
eflicient protective atmospheres. 


Heat Transfer Processing 
in pre-formed atmospheres 


By Floyd E. Harris 


) 
urnace engineer Buic Mot r LJivisior 


! 
Cjeneral Motors Corp. Flint, 


HEAT TREATING involves the 

provision of means for heating the steel to 
temperatures of 1350° F. and above without sur- 
face change. Time, temperature and atmos- 
phere composition are factors controlling the 
steel surface condition. 

With extremely fast heating and very short 
time at temperature (induction heating of sur- 
face layers, for example) the composition of the 
steel surface is found to be unchanged, regard- 
less of the nature of the atmosphere. Time is 
therefore one of the controlling factors in 
today’s heating practice. As the time at tem- 
perature is increased, the atmosphere composi- 
tion must be nearer and nearer that which will 
be in equilibrium with the composition desired 
at the steel surface. 

Atmosphere control will be comparatively 
simple for a low carbon steel like sheet steel, 
or, on the other hand, where the carbon content 
desired is the maximum in solution at the tem- 
perature employed — as is the general case in 
carburizing. Thus, for low carbon steel, a highly 
reducing condition will prevent oxidation, while 
for carburizing, excessive strength of carburiz- 
ing gases is limited by the ability of steel to 
absorb carbon at a given furnace temperature. 

In systematizing this 
study of heat transfer 
processing in prepared 
atmospheres, the writer 
has found this view 
useful: At any given 
temperature the gas com- 
position for a desired 
steel surface will be 
determined by its “car- 
bon activity”. The activ- 
itv of solid graphite may 
be taken as unity, cor- 
responding very closely 
to that of saturated aus- 


tenite. Unsaturated solutions of carbon and 
iron will have an activity equal to some fraction 
of that of saturated austenite. Practically com- 
plete absence of carbon (ingot iron) would be 
represented by zero activity. Thus gases in 
equilibrium with graphite will, for the same 
temperature, also be in equilibrium with steel 
having a carbon content close to that of satu- 
‘ated austenite, and will carburize steels of all 
carbon contents of lower activity, just as gases 
in equilibrium with low carbon contents will 
decarburize carbon contents of higher activity. 
Between zero and unit activity, each carbon 
content will have, as pointed out in Mr. 
Schenck’s note on “Atmospheres for Scale-Free 
Hardening”, page 369, a definite gas composi- 
tion in equilibrium at a given temperature, and 
this composition for a given carbon content will 
vary with the temperature employed. (These 
remarks apply principally above Acs.) 

The preparation, control and application of 
commonly available fuel gases and their com- 
bustion products for approximate equilibrium 
with intermediate carbon activities at tempera- 
tures above 1350° F. is, then, a very special 
problem. (A simpler way to state it is, perhaps, 
that a furnace atmosphere that will neither 
scale, carburize nor decarburize hot steei at 
1400° F. is quite different from an atmosphere 
truly neutral to the same steel at 1600° F.)  Pre- 
liminary equilibrium of the gas atmosphere with 
some form of carbon (for example, charcoal) 
is offered as a practical solution, in the form of 
an auxiliary reaction chamber, preferably as an 
extension of the processing muffle, but under 
separate temperature control. 

In such a device, gas will be supplied to the 
auxiliary chamber from a charcoal generator, 
whose final temperature will be well above that 
of the steel. This gas after traversing the hot 
charcoal will be practi- 
cally free from water 
vapor and carbon diox- 
ide, have only a trace of 
methane, and will con- 
sist mainly of hydrogen, 
carbon monoxide and 
nitrogen. Charcoal in the 
generator is maintained 
at a high temperature to 
insure a close approach 
to equilibrium in the 
reactions of re-forming 
the raw air-gas mixtures. 
Liberal provisions for 


Metal Progress; Page 370 


| | 
| 
SE 


heating are needed, due to the endothermic 
character of the reactions involved. 

The auxiliary reaction chamber will there- 
fore be controlled at that temperature at which 
the prepared gas in equilibrium with charcoal 
will give an atmosphere in equilibrium with the 
surface carbon desired in the steel being proc- 
As most of the gas reactions with the 
exothermic, this 


essed. 
charcoal will be 
should be easily attained. 

This scheme of operations, then, will accom- 
plish the fixation of the processing gases in the 
presence of solid carbon in a separate chamber 
adjacent to that containing the steel being 
Not the least advantage from this 
arrangement will be that the gases enter the 


condition 


processed, 


chamber containing the steel at almost the cor- 
This 
point will be readily appreciated by all who 
recognize the rapid change, with temperature, 
of equilibrium compositions of the mixed gases. 


rect temperature of the processed stock. 


Induction Hardening 
im automotive production 


By William H. Graves 
Chief Metallurgist 
Packard Motor Car Co. Detroit 


HIS PAST YEAR has seen further extension 
of the process of induction heating for 
localized surface hardening to various articles. 
It is coming into more general use because of its 
control and flexibility. Shape and depth of 
hardness are controllable, the metallurgical 
structure of core, demarcation zone and hard- 
ened case may be varied and controlled. 
Another most desirable feature is the practical 
lack of distortion and scale formation. Harden- 
ing equipment is of a design that is readily 
adaptable to production line requirements, both 
as to space required and location, together with 
automatic regulation of power and split-second 
heating and quenching which are necessary to 
the process and make for uniformity of results. 

Induction hardening equipment allows the 
user to 

(a) Surface harden only the requisite portion 
and at the same time maintain the original ductil- 
ity and strength at other places. 

(b) Harden or anneal articles of intricate 
design which cannot be feasibly heat treated in 
other known ways. 

(c) Eliminate costly pre-treatments such as 


carburizing or copper plating, and subsequent 
treatments such as straightening or cleaning. 

(d) Cut down the material cost by permitting 
a wider selection of steels, 

(e) Be able to harden fully machined parts 
without the necessity of further finishing. 

Induction hardening is now done on many 
important parts. One of the earliest applica- 
tions was to the bearing surfaces of crankshafts. 
These are hardened up to the fillets to Rockwell 
C-60, leaving the core and fillets with their orig- 
inal structure, and with a gradual transition of 
structure from the hardened to the unhardened 
sections. ’ackard Motor Car Co. hardens 
pearlitic malleable camshafts at the rate of 60 
complete shafts an hour with one operator, The 
surface of the 12 cams and the eccentric are 
Rockwell C-60 and the integral oil pump gear 
is Rockwell C-55. Likewise 125 transmission 
shafts an hour are processed with three areas 
hardened, each to a different specified hardness 
within the range Rockwell C-50 to C-60. 

Axle shafts are strengthened by eliminating 
the inner bearing roller race which was pressed 
on each shaft, necessitating a corresponding 
decrease of cross sectional area. An annular 
area was hardened to Rockwell C-62 at the 
desired location permitting the axle shaft itself 
to act as the race for the bearing. One induc- 
tion hardening machine handles 500 axle shafts 
per hour. 

Push rod seats for automobile tappets are 
hardened with magazine feed at the rate of 5000 
per hour with a Rockwell C-50 minimum. 
Wrenches, hammer heads, pliers, screw drivers 
and numerous other tools, taps and dies, drills, 
sprocket shafts, tractor track starter 
shafts, rotor shafts, studs, and a multiplicity of 
camshafts and other parts of varying design are 


pins, 


produced with the correct surface areas hard- 
ened to the desired degree and depth. 

A small section of a previously hardened 
object can be drawn to a condition permitting 
ready machinability, and even more unique is 
one application which surface hardens a piece 
of steel and at the same time copper-brazes it 
to another part. 

In summing up, induction hardening offers 
the following important advantages: (a) Hard- 
ening or annealing certain parts not otherwise 
heat treatable in production. Improved 


hardening with lower cost materials.  (c) 
Improvement in design giving better quality or 
lower cost. (d) Lower production costs with 


equal or better quality. 
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Iron, Iron Carbide Equilibrium Diagram 


2795°F. Delia fron in | | | | al 
2600 Mother +++—MOLTEN ALLOY — 
| | | | | | | 47500 
Delta a | Lin.” 
2715 °F. (1490°C 
and Ausienite | | 1400 
N 2535 OF. | Or “725. | 
| 
- + +— — > —+ — c 
2000 of Carbide in . 4 4 Solidus ; Cementite Eutectic Freezes ' 1100 
Gamme [ron | | | | | 
1800 wo } | —_+— Austenive, 1000 
| Ledeburite and | 
%, | | 900 
“Bry, | NQ 
O70. (iin | | | 
Oss ay | © 
Foi | | | | 
| | 600 
S§ Pearlite 8| | Cementiie, Pearlite 
nN! oni 
000 HSN and and and Transformed —t 
88 Ferrite S| Cementite | Ledeburite | 
ASKS) “| Wy; 
% | of C ner tite on | 
| 
S ~ 
fons ne 0.5 Per Cont Carbon 4 
———— Steels Cast Jrons — 
Except as noted hereafter, lines are reproduced _ Solidus in Iron-Graphite System according to 
by courtesy of The Engineering Foundation from Kaya, Honda and Endo, Science Reports, Tohoku 
diagrams published in one of the Alloys of lron Mono- Imperial University, 1925 and 1927. 
graphs: “Alloys of Iron and Carbon,” Vol. | on Consti- Ar, according to Hoyt and Dowdell, “Metals and 
tution, by Samuel Epstein. Common Alloys,” for cooling rates of 1° C. in 3 sec. 
Delta iron region and solidus by Frank Adcock, Line GPQ according to J. H. Whiteley, Journal, 
Journal of the Iron and Steel Institute, 1937-I. Iron and Steel Institute, 1936. } 
Forging and heat treating temperatures from Solidus in graphite system left of E’ as suggested 
Recommended Practices, 1939 @ Metals Handbook. by Harry A. Schwartz. 


Metal Progress, 1939 Reference Issue, Page 372 


— 


{pproxtimate lron-Graphite Diagram | 
| 


Induction Heating 
for diversified heat treatments 


By Conradi 


Technic al Research l Jirector 


International Business Machines Corp 


Endicott, N Y 


YEAR AGO it was stated in this magazine 

that heat treatment by high frequency 
induction was in its infancy. This statement is 
true today with even greater emphasis. There 
has been a steady increase in the application of 
this process and the design of the equipment, 
and its use in the future is bound to grow by 
leaps and bounds. 

More industries have become familiar with 
the possibilities of this new method of localized 
heating for purposes of hardening. As was to 
be expected, the automotive industry has found 
this process ideal because the equipment can be 
readily mechanized, making the actual heat 
treating operation either semi-automatic or 
fully automatic. Furthermore, irrespective of 
by what means the high frequency current is 
generated, a unit can be readily placed into 
existing production lines and will occupy less 
space than the conventional furnace equipment 
which it replaces. 

However extensive the application of high 
frequency induction heating is and will be in 
the automotive industry, I look for even greater 
adoption of this process by the rank and file of 
the machinery manufacturing, tool making, 
metal working, and metal using industries 
throughout this country. In these industries the 
question of mass production of standardized 
parts is not as important as the ability to handle 
both rapidly and economically a great variety 
of different parts. In these industries, heat 
treatment by high frequency induction will 
largely revolutionize and replace present heat 
treating practices. We are finding that this is 
the undoubted trend in the 
manufacture of modern 
business machines. 

The outstanding advan- 
tages of heat treatment by 
high frequency induction 
may be summarized thus: 

1. Heating and hard- 
ening can be localized with 
great precision. 

2. Copper plating and 
claving for purposes of 


selective carburizing and hardening can be 
largely eliminated, thus facilitating subsequent 
machining operations during assembly. 

3. Carburizing operations can frequently 
be eliminated by using either carbon or alloy 
steel capable of hardening on direct quench. In 
this manner, for all practical purposes the bene- 
fits of a hard case supported by a tough core can 
be realized without resorting to carburizing 
operations. 

1. Flexibility of the process is such that it 
can be readily adapted to hand or full auto- 
matic operation. 

5. Since heating is so rapid, cleanliness of 
the hardened work compares favorably with 
the conventional scale-free and clean hardening 


methods. 


the scientific aspect of 
Hardening Steel 


By Alvin J. | lerzig 


Climax Molybdenum Co. of 
Detroit 


higan 


N EARLY scientific aspect of the hardening 

of steel is expressed in the following quota- 
tion from the naturalist and mathematician, 
Cardanus, a quotation which indicates the state 
of the knowledge of hardening steel in 1557: 
“Steel is nobler than iron, and exists in two 
forms, as made steel and native steel .... When 
it is well cleaned, and then heated, and quenched 
three or four times in equal parts of extract of 
radishes and water which had contained earth 
worms, it cuts iron like lead.” 

All of the phenomena attending the harden- 
ing of the piece of steel used by Cardanus have 
been carefully observed for several centuries. 
As we recall the tremendous efforts that were 
made periodically to conceive hardening 
theory consistent with the large amount of 
observational data, it is interesting to review 
the relatively few facts essential to our present 
understanding of the mech- 
anism of hardening. 

The first important fact 
was the determination of 
the critical points in iron, 
This determination was 
made by Osmond using the 
Le Chatelier pyrometer. 
Swedish and Russian inves- 
tigators had known and 
published some facts about 
critical points long before. 
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Transformation of Austenite in 0.78% Carbon Steel 


at Constant Sub-Critical Temperature 


°F 


1200 


1100 


1000 


800 


700 


600 } 


500 


400 


300 


200 


100 


Austenite 
(Unstable) 


RC 31 


| | | 
Austenite (Stable) _| 
Ausienite if 
(Unstable) 
NW 
HH a 
BHN 293 RCS 


BHN 622 
RC 64 


— 


| 1 day week | tmonth | 
i | | i 
1 10 102 105 104 105 106 


Time, Seconas 


*“S” Curve and Micros (at 600 Diameters) by Research Laboratory, U. 


°C. 


700 


600 


500 


400 


300 


200 


100 


S. Steel Corp. 


Metal Progress, 1939 Reference Issue, Page 374 


“ih 
| 
IZOO 
| 
a 1025 °F, S88 
| 
| 
| 


The value of this clue was known to Charpy in 
1895 who believed that the hardening of steel 
depended on the suppression of the “Osmond 
transformations” by rapid cooling. 

Then followed a period of several years in 
which, by means of the microscope, Sauveur., 
Osmond, and Behrens correlated the thermal 
treatment of steel with the resultant microstruc- 
ture. In this period, ending about 1900, the 
microconstituents pearlite, ferrite, cementite. 
martensite and austenite were identified and 
named, and the iron-carbon equilibrium dia- 
gram had been coordinated by Roozeboom 
adequately enough to be useful to metallurgical 
research. 

The theorizing done in this period led 
largely in the wrong direction despite the state- 
ment of Le Chatelier in 1897 that “the speed of 
the transformation taking place during the 
recalescence is regulated principally by the tem- 
perature ....” 

The next fundamental contribution came 
through the application of the X-ray. During 
1917, 1918 and 1919 Hull studied the crystal 
structure of iron at room temperature and con- 
cluded that its atomic arrangement was body- 
centered cubic. In 1921 Westgren and Lindh 
determined that austenite was face-centered 
cubic. In 1926 Fink and Campbell discovered 
the body-centered tetragonal structure in freshly 
quenched martensite which had been antici- 
pated by Bain in 1921. 

Finally in 1930 Davenport and Bain, by 
using the sub-critical isothermal technique to 
study the transformation of austenite, showed 
conclusively that the nature of the product of 
austenite decomposition and the rate of decom- 
position are dependent directly upon the tem- 
perature at which transformation takes place. 

So it is that today we may describe the 
mechanism of the hardening of steel in con- 
siderable detail based on the established facts 
mentioned above. 

The polymorphism of iron is of such nature 
that it confers on iron-carbon alloys a reaction 
capable of developing diverse products having 
a wide range of useful properties. It is com- 
paratively recently that we acquired a knowl- 
edge of the factors enabling us to control this 
reaction intelligently and obtain at will the 
products desired. But, equally important to 
the metallurgist, that knowledge has given us an 
understanding of the hardening of steel that 
seems crystal clear compared to our ideas of a 
few years ago. 


Austempering 


By E. S. Davenport 
Metalluraist. Research ratory 


United States Steel Corp Kearny N. J 


HE HEAT TREATING pfocess which goes 
by the name of “austempering” is now so 
well known as scarcely to need definition, In 
principle, it is the method of heat treating steel 
involving the direct, isothermal transformation 
of austenite to the final structure at temperature 
levels between the pearlite-forming and mar- 
tensite-forming ranges of temperature. By 
austempering, relatively high values of hardness 
(Rockwell C-50 to C-60), accompanied by a 
remarkable degree of toughness and ductility, 
may be obtained in carbon and in certain mod- 
erately alloyed steels. A working knowledge of 
the appropriate isothermal transformation dia- 
gram (such as the “S” curve for high carbon 
steel shown on page 371) is necessary for the 
intelligent application of the process to a steel 
of given composition and austenite grain size. 
Interest in the process and the results which 
may be achieved by it is rapidly increasing, as 
shown by the number of articles dealing with 
different aspects of the subject which have 
appeared in technical journals and periodicals 
within the past two or three years. The most 
recent of these articles describe the application 
of the process on a commercial scale, 

The early investigations were confined 
largely to carbon steels of relatively high carbon 
content, 0.60% or higher. Within the size 
limitations dictated by the “S” curve and hard- 
enability of such steels, the combination of 
properties obtained was so striking that it was 
only natural to inquire whether the process 
could be applied with equal success to some of 
the common alloy steels. This question is now 
being actively investigated, as evidenced by the 
published results of Payson and Hodapp, 
Grifliths, Pfeil and Allen, and of Legge; addi- 
tional information along these lines, as yet 
unpublished, is rapidly accumulating and the 
whole problem of alloy steel austempering is 
in a state of active development and orientation. 
Certain alloy steels show about the same order 
of improvement in mechanical properties, espe- 
cially when austempered to the higher hardness 
ranges, as do the plain carbon steels. Many of 
the comparisons published to date have been 
made at hardness levels too low to warrant any 
reasonable hope of benefit from austempering. 
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The teachings of isothermal transformation 
studies indicate that alloy steels should be 
austemperable in much heavier sections than 
carbon steels and this has been substantiated 
by experiment. Applications to alloy steels 
require the isothermal transformation diagrams 
for these steels; such diagrams are rapidly 
becoming available, but there is much spade 
work yet to be done. 

It is obvious that the benetits to be derived 
from the austempering of alloy steels would 
have to be positive and substantial to justify the 
cost of a lengthy heat treatment on top of the 
cost of these higher priced materials. However, 
there are encouraging indications that the 
austempering schedules for many of these alloy 
steels will not be nearly as protracted as it was 
at first thought they might be. 

Clearly, it is far too early to draw final con- 
clusions on the scope and limitations of this 
process. In some directions we have only begun 
to develop information which will ultimately 
lead to such conclusions. At the moment, car- 
bon steel or moderately alloyed steel both 
over 0.50 carbon ~~ still hold the center of the 
stage, although further investigation will 
undoubtedly bring to light many examples of 
other new modifications of alloy steel which can 
be greatly benefited. In this writer’s opinion, 
the future enlargement of the field with respect 
to alloy steels is dependent upon a_ broader 
knowledge of the isothermal transformation 
diagrams of these materials and a better under- 
standing of the nature and properties of the 
acicular products of austenite transformation. 


Precipitation Hardening 


By Robert F. Mehl 
Jirector Met als Resear L_aborat ry and 
[ Jepartrnent of Metallurgy 


Carnegie Institute of Technoloay. Pittsburgh, Des 


RECIPITATION HARDENING~— or age 

hardening-—is by no means a new phe- 
nomenon. It might well be supposed, in the 27 
years since the discovery of duralumin, that the 
development of age hardening alloys and the 
study of the process of age hardening would 
have reached a point of relatively slow progress, 
a sort of technological point of diminishing 
returns. Yet this is not true, for in many 
respects progress at the moment is more rapid 
than it has ever been. 

From the engineering point of view it is 
somewhat strange that in early years so little 
attention was given to alloys of the heavy 
metals, for the higher strengths of heavy metals 
have from the beginning offered a promise of 
alloys of unusual properties. The alloys of cop- 
per and silicon, and of copper and beryllium 
have now become familiar commercial alloys; 
the recent reports on the high strength and 
fatigue resistance of alloys of nickel and beryl- 
lium are extremely encouraging — it would be 
pleasant to have more complete information on 
these alloys. Age hardening binary and ternary 
alloys of iron, tungsten, molybdenum and cobalt, 
studied so successfully by W. P. Sykes, the rela- 
tively recent modified monel metal, and the age 
hardening alloys of the precious metals, are 
examples of alloys in this class. 

For some purposes such alloys are superior 
to heat treated steels of the martensite type. 
Perhaps one might well suppose that the further 
developments will occur chiefly among alloys 
such as these, for the possibilities in ternary, 
quaternary, and higher degree alloys are limit- 
less and have hardly been reconnoitered. 
Systematic work is very time consuming; the 
orthodox method requires an initial determina- 
tion of the full constitution of each polycompo- 
nent system —-an impossible task, practically. 
A few guiding principles by which intelligent 
guesses of age hardening compositions might be 
made would be very welcome indeed. It is quite 
likely that progress in the practical field will be 
made by modification of alloys of compositions 
already known to be age hardening, and by 
chance encounter of alloys of other analyses. 

We are apparently less than ever agreed 
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upon the nature of the precipitation process. 
A few years ago it was agreed necessary to 
assume some sort of a pre-precipitation process 
in order to account for the anomalous changes 
in electrical conductivity, in lattice parameter, 
in density, and in magnetic behavior. The 
recent work of Fink and Smith was an abroga- 
tion of this agreement! Whatever our opinion 
may be it must at the very least be admitted that 
their work discounts the lattice parameter 
anomaly, and throws doubt upon the polemic 
validity of the other anomalies. It appears to 
the writer that the safest conclusion to be made 
tentatively and for the present only (let the 
reviewer who passes judgment beware!) is that 
of Fink and Smith, namely, that the internal 
changes which give rise to age hardening origi- 
nate in a process of true precipitation. 

This is by no means generally accepted; 
perhaps the symposium at the fall @ meeting 
may develop a reconciliation of divergent points 
of view, though one 
might more confidently 
predict that each 
debater will return 
home reaffirming to 
himself the correctness 
of his own view —- that 
disease of the train 
which afflicts those who 
attend meetings. 

It appears that the 
recent discovery of 
aggregates of solute 
atoms in the initial or 
low temperature stages 
of age hardening by 
Preston in England and 
Guinier in France is evidence for true precipita- 
tion, though it is almost certain that it will be 
taken by many as evidence for “complexes” or 
“knots”. More evidence is needed on these 
Guinier-Preston zones, particularly for alloys 
other than duralumin; furthermore, additional 
studies are needed on transition lattices of the 
©’ type in duralumin. 

It seems a safe prediction that research in 
the near future will center around these two 
points, with further and more complete analyses 
of the geometry of lattice movements during 
nucleation — the so-called Widmanstatten 
mechanism — as this determines the incidence 
of such zones and transition lattices and less 
directly determines the unexpected changes in 
physical properties, long held anomalous. 


Heat Treatment of 
Non-Ferrous Alloys 


By Paul E. Petersen 
uel ( ‘hase Brass ra ( ‘oppe! ( 
Waterbury, Conn 


yr SPITE of the rather radical changes in fur- 

nace design and heat treating practices dur- 
ing the last few years in the brass and copper 
field, the future should see considerable changes 
and improvements. 

With the development and practical appli- 
cation of high temperature heat resisting alloys 
to the construction of fans, and their use in 
forced convection heating furnaces, there is a 
trend in some fields to go back to batch type 
annealing furnaces. Forced convection heating, 
with controlled direction high velocity gases, 
gives us extreme uniformity of temperature in 
the work annealed. For a number of vears 
prior to the practical 
application of these 
fans, the trend was 
toward continuous fur- 
naces of all kinds, pri- 
marily for this same 
purpose of obtaining 
better uniformity. The 
average brass sheet 
mill because of the 
numerous alloys, gages, 
widths and desired tem- 
pers in the finished 
product — would prefer 
the flexibility of small 
batch furnaces. The 
indications are, there- 
fore, that there should be a definite increase 
in the use of this tvpe of furnace in the future. 

Controlled atmosphere annealing has pro- 
gressed in the non-ferrous field quite rapidly, 
but has not been exploited to full advantage. 
Copper in all its forms of sheet, wire, tube and 
rod, is being bright annealed in simple prod- 
ucts of combustion from various gas fuels. 
Some of these atmospheres are the products of 
the combustion from the fuel used for heating, 
and others are prepared in special atmosphere 
generators auxiliary to the furnace. Although 
considerable work has been done with atmos 
pheres for bright annealing or heat treatment 
of brasses and difficult copper alloys, their 
actual use on production units is quite limited. 
With the continued increase (Turn to page 386) 


October, 1939; Page 377 


bed 


43 > 


hess 


=. 


is 
{ 
4 
48 
vd 
ted 
| 
a 
¢ 
* 
| 
ves 
mg 
aa 
+ 


Hardness Conversion Chari for Steels 
Approximate Tensile Strength, /O00 psi. 


Data from A.S.M. Handbook 


1939 Edition , Page 127 
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Shore Scleroscope Scale 


Verticals represent equivalent hardness. 

For instance: Brinell or Monotron 700 (point A) equals 
Rockwell C-65 (point B), equals Vickers 930 (point C), 
equals Scleroscope 89 (bottom scale as modified by data 
from Westinghouse Research Laboratories), and about 
340,000 psi. tensile (top scale). 


Again: Rockwell B-91 (point F) equals C-10 (point E), 
equals Brinell, Monotron or Vickers 187 and Scleroscope 
29, and has about 92,000 psi. tensile strength. 

Finally, Rockwell B-43 (point G) equals E-87 (point 
H). Curve for latter scale is from Bureau of Standards 
Research Paper No. 185. 


Rockwe// Hardness Numbers 
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Hardness Conversion for Hardened Steels 
By Howard Scott and T. H. Gray, Westinghouse Electric & Mfg. Co. 


30,000,000 psi. elastic modulus, uniform in depth 


Rockwell Hardness Brinell Hardness 
Rv Qe Superficie/ So § £2 10-mm. Ball, 3000-kg. Load 
S$] | “rom Mechsnice/ Ze Hultgren Bail Stee/ Bali DPN900| EEX 
TLS | [Mstrument Co.ChertNo38)| OS DPN 940 (From 4S M. Metis ng 
3 Sa [Heroness | Diameter | Heroness | Diemeter| 32 
IS-N Scale | 30-N Scele|45-N Scale Y Number mm Number mm 
DPH Ro R, IS-N | 30-N | 45-N Mon BHN BHN 105 
— <€ 
241 255 —1— 380 120 
- 2—— whet 255—1— 380 262—4— 375 
30 285 360 293 355 140 — 
32 — 302 —+— 350 311 345 
= a _C 320 363-4320 
= 46 58 52 401—7— 305 s401—-+— 305 + 200— 
L500 75 67 4 461—— 285. 
= 86 —— = 495 +— 275 260-4 
= 87 — / 68 — 534 —+— 265 
600 60 20 555 260 534 265 
+— 550 — = — 76 
= — ops t= Thickness of Stock Required for Accuracy 
_ => (Ten Times the Depth oF impression in inches) 
= 976 200 | 0012 | 0.038 | 0072 | 0015 | 0040 | 0.186 
64 — 935 — 77 300 | 0.014 | 2037 | 0059 | 0012 | 0032 | 0135 
= — — 400 | 2012 | 0.027 | 0050 | 0009 | 0026 | 0008 
= 90 500 | 0.071 | 0026 | 0044 | 0007 | | 0080 
850-—_4- — §6 — 645 GS 3 73 — 92 98 600 | 0.010 | 0022 | 0038 | 0.006 | 0018 | 0068 
= 700 | 2.0002 | | 0033 | 0005 | 00% | — 
== 93 800 | 0.0086 | 0019 | 0030 | 0004 | 001 | — 
= 68——= 855-= 96 104 900 | 0.0081 |0018 | | 0003 | | — 
950 28 — 1000 | 0.0076 | 0.017 | | 0003 | — 
— = = — Monotron tests at hardnesses can be made on 
1000 — 70 86. 5 775 — 112 0018-in. stock. Scieroscope numbers vary with size; relati 
= — — — gwen are for 1-in pieces 
In operating any test machine, follow manu- to bottom of impression. (An exception is that 
facturer’s instructions and check frequently Rockwell test values for shallow hardened steel 
against test blocks. Major causes of discrepancy: May be 1 or 2 points higher than by conversion 
(a) decarburized skin, (b) specimens too thin, (c) from DPH.) For sintered carbides (DPH 900 to 
off-standard indenters, (d) inaccuracy of machine. 1700) with much higher modulus the relations 
Above conversions are for steel, irrespective between DPH and Re may be computed from 
of composition and structure, up to its maximum 2.445x10° 
hardness, and for any other material having about Re)? wherein conttant © 


carbide (120 for steel). 
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corrosion protection of metals by 


Cementation 


By Harry K. lhrig 
Director of Laboratories 


( tlobe Steel Tubes ( aukee Wis 


ORROSION is one of the serious problems 

of makers and users of metals. <A _ very 
large tonnage of metal must be replaced each 
year because of corrosion. The increasing use 
of stainless steels and numerous non-ferrous, 
corrosion resistant alloys is an effort to solve 
this problem. However, some of these alloys 
have poor physical properties, some present 
fabrication difliculties, and all of them are high 
in price as compared with common steel. There- 
fore, they constitute only a small portion of the 
total tonnage of metals in use today. 

Since metals are attacked only on their sur- 
faces by corrosive agents, a base metal of 
common steel impregnated with an ennobling 
element would eliminate the difficulties experi- 
enced with the alloys mentioned above. The 
core would support the case and impart desir- 
able properties to the article. The base metal 
could easily be fabricated, 
and, since the article would 
largely be made of common 
steel, it would be much lower 
in price. 

For many years attempts 
have been made to impreg- 
nate metals with other 
elements to improve the prop- 
erties of their surfaces, espe- 
cially corrosion and wear 
In these experi- 
ments almost every element 
has been tried. Until recently, 
only impregnations with zinc 


resistance. 


and aluminum have reached 
commercial production. (Car- 
bon and nitrogen cases are 
not included, because these 
impregnations do not offer substantial corrosion 
resistance and are not used for this purpose.) 

There have been no new developments in 
recent years in the impregnation of steel with 
zine and aluminum, and their use commercially 
is decreasing. Hot dipped galvanizing and elec- 
troplated zine are replacing the sherardizing 
treatment because they are cheaper. Alumi- 
num-chromium-silicon steel alloys are favored 
rather than calorized parts for many high 


temperature services, especially in steel tubes. 

The silicon impregnation process has been 
developed within the last six years and has been 
used commercially in America for about three 
vears, and a plant has recently been started in 
Sweden. Amorphous silicon carbide as_ the 
source of silicon makes it the most economical 
impregnation method for corrosion protection. 
Briefly, it consists in placing the part to be 
treated in a rotary furnace of the carburizing 
type, in contact with fine amorphous silicon 
carbide. When the parts and carbide reach a 
temperature of about 1800° F.. a small amount 
of chlorine is introduced and the reaction con- 
tinued for one half to three hours depending on 
the thickness of the case desired. The resulting 
case is from 0.010 to 0.050 in. thick and contains 
approximately 14° silicon. It differs from 
other cases by having an almost uniform silicon 
content practically down to the interface. 

High silicon alloys in the cast form are quite 
brittle and have poor physical properties. But, 
in the impregnated article the excellent proper- 
ties of the common steel core are maintained, 
while the silicon alloy protects the underlying 
base metal from corrosive attack. The case is 
firmly attached to the core 
and will not crack or spall 
off by hammering except on 
sharp corners. 

On a_ production 
parts may be treated for about 
the same costs as carburizing 
similar parts. The size of 
articles that can be treated is 
limited only by the furnace 
capacity. Rotary carburizing 
furnaces with only minor 
changes have been found sat- 
isfactory for silicon impreg- 
nation. 

Thousands of automotive 
parts have been treated and 
are in commercial use, giving 
Many of 


scale, 


entire satisfaction. 
these replaced expensive alloy parts or more 
costly impregnated parts. New uses are being 
discovered daily. 

Cases on high sulphur, high 
alloy steels are not so satisfactory as those on 
low carbon steel with a sulphur content below 
0.04°>. Gray cast irons, because of their high 
sulphur content and tendency to swell at treat- 
ing temperatures, also offer difficulties in the 
production of cases as resistant as those on steel. 


‘arbon, and 
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Of all the ennobling elements usable for 
impregnation, silicon is the cheapest and most 
efficient. It has strategic importance in replac- 
ing imported chromium and nickel with an 
element obtained from common silica sand. 
The time required at temperature is also less 
than that of other impregnations. Simple. 
standard equipment can be used. No expensive 
reducing atmospheres are necessary. Careful 
technical control of the impregnation process 
and its applications is essential to obtain maxi- 
mum results. 

It is certain that in the future the fight 
against the corrosion of metals will continue. 
Better and less expensive alloys will be devel- 
oped. Impregnation of cheap base metals with 
silicon and other ennobling elements should 
play a large part in this effort to solve the 
universal problem of metallurgy. 


Improved Mechanical 
Finishes 


By Joseph Geschelin 
Jetroit Te hnic al Edit 


Automotive Industries 


RILLIANT work by chemists and metal- 

lurgists in cooperation with production 
people has brought about an entirely new era 
in the processing of bearings and other types of 
highly stressed mechanical parts. The past two 
years have been notable for the advances made 
in the development of various types of surface 
treatments, intended to supplement the role of 
heat treatment. 

Among the surface treatments to which we 
shall refer are “superfinish” and various other 
mechanical processes designed to eliminate 
surface imperfections and thus approach ideal 
bearing and mating surfaces; shot-blasting, for 
producing mechanically clean surfaces on 
highly stressed parts and greatly increasing the 
endurance limit; metallic and chemical coatings 
for corrosion resistance and_ self-lubricating 
properties, tending to greatly reduce wear and 
eliminate scufling; and finally, hard electro- 
plated coatings. 

One of the most striking of the mechanical 
developments of the past year was the intro- 
duction by Chrysler Corp., of a new production 
technique called superfinish which removes 
surface defects produced by any prior method 
of metal finishing, and reducing surface inden- 
tations or scratches due to tool marks to a 


degree of fineness measured in millionths of an 
inch. The process is adaptable to parts of any 


form — flat, round, concave or convex, on inter- 
nal or external surfaces. 

According to the findings of Chrysler Corp., 
superfinished bearings can move with respect to 
mating surfaces with a very thin film of lubri- 
cant, and with hitherto unknown fineness of 
clearance. It is a characteristic of the process 
that all projections are completely removed, 
leaving only the indentations or valleys, thereby 
assuring complete lubrication since there are no 
points at which the film may be ruptured. The 
process is applied with equal success on non- 
lubricated surfaces such as the brake drum. 
Here the absence of peaks prevents the tearing 
of the brake linings, increases service life, and 
tends to eliminate squeaky action. 

Of equal importance is the fact that the 
process has encouraged further work on fine 
finishes in other directions and already has 
resulted in the availability of production 
machines which may be applied to similar prob- 
lems by any manufacturer. Too, it has placed 
greal emphasis upon the utility of the profil- 
ometer in regular production, a device for 
measuring tiniest surface imperfections, 

In the category of fine surface finishes 
designed to promote better mating of parts and 
improve lubrication are a number of other 
well-known techniques. Most important of 
these is the development of the current types 
of honing machines for finishing cylinder bores, 
connecting rod big ends, wrist pin bores, and 
other types of bores where it is essential to have 
not only good surface finish but perfection of 
dimensional accuracy as well. 

For small bores we may note the increasing 
use of simple mechanical devices such as the 
use of steel balls or rollers. For example, accu- 
‘ate sizing and fine burnished finish are pro- 
duced in the valve guide bores of Chrysler 
six-cylinder engines, and tool posts of Danly 
die sets, by pressing through the opening a steel 
ball of exact size. 

Other engine builders supplying the auto- 
mobile industry use the Cogsdill “bearing-ize” 
machine which sizes and burnishes small bores 
by rapid peening or hammering action. 

One of the most remarkable, albeit simple 
techniques, which is not too widely known, is 
the use of shot-blasting for greatly increasing 
the endurance limit of highly stressed parts. 
Here the entire surface or portion of the sur- 
face is subjected to a heavy bombardment of 
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line steel balls which not only removes scratches, 
notches and other surface imperfections that 
have an influence upon fatigue failure but pro- 
duce a compressed surface more capable of 
resisting fatigue arising from repeated reversals 
of tensile stress. 

Widest production use of this technique 
was in the manufacturing of the Belleville type 
clutch dise developed for Chevrolet two years 
ago. The entire surface of the spring disk is 
shot-blasted, resulting in a service life far 
exceeding the most optimistic estimates of the 
designers. 

Shot-blasting also is employed in the finish- 
ing of knee-action coil springs, either eliminat- 
ing the fine ground surfaces hitherto provided, 
or reducing the amount of machined finish 
formerly considered desirable. 

Another striking use of shot-blasting is 
found in the machining of rear axle shafts. 
One manufacturer found that there was an 
unusual amount of replacement on one of the 
older models. It was not feasible to increase 
the critical diameter of the shaft, but) shot- 
blasting at the region of maximum torsional 
stress was found to eliminate further breakage 
even more effectively. Another producer has 
employed shot-blasting in the same manner on 
axle shafts intended for heavy duty of a regu- 
lar production vehicle, such as its use for an 
ambulance chassis. 

Metallic and chemical coatings have been 
employed with signal success in promoting cor- 
rosion resistance and in providing surfaces 
which are self-lubricating and hence eliminate 
danger of scufling during the initial break-in 
period (and at times of deficient lubrication). 
In motor cars, such coatings are found on pis- 
ton rings, on camshaft cams, on tappets, and 
many other places where scuffing and even 
momentary seizure at starting and during ini- 
tial break-in have contributed to untimely wear. 
Many of the proprietary coatings are of chemi- 
cal nature, such as manganese phosphate, and 
the sulphidizing process, and at least one is an 
oxidizing treatment. In many surface treat- 
ments, Whether metallic or chemical, self-lubri- 
cating properties are given by immersing in 
some form of soluble oil or by treating with 
colloidal graphite. 

In the same category we may include the 
commonly known treatments such as the ano- 
dizing of aluminum alloy pistons, tin plating 
and cadmium plating of aluminum and cast 
iron pistons. 


Finally it is important to note briefly the 
role of electroplated coatings of the so-called 
“hard” or “mechanical” type as distinguished 
from the coatings intended purely for decora- 
tive purposes. In recent years much work has 
been done with the newly developed heavy 
bright nickel baths and thick coatings of chro- 
mium plate for mechanical purposes. 

Hard chromium plating has been variously 
employed to increase the life of parts such as 
outboard motor cylinders, pistons, and rings, 
and has been tried experimentally for coating 
large engine cylinders and crankshaft journals. 
Both chromium and nickel, and combinations 
of these, have been employed for salvage and 
repair operations-——for building up the sur- 
faces of worn bearings or of parts spoiled in 
production. In such instances the operation is 
economically justified wherever the initial cost 
of the part is quite high in comparison with the 
cost of the salvage operation. Chromium plat- 
ing has been used in places where self-lubricat- 
ing and non-seizing properties are desired. 

Much work is being carried on along these 
lines and future developments will merit the 
close attention of metallurgists. In particular, 
it is well to note the possibilities of “hard” plat- 
ing as a means of increasing the life of cutting 
tools of certain types, and certainly as a means 
of salvaging expensive forming tools, reamers 
and gages. 


Dry Pickling 


By E. G. ‘oriolis 
Research Jirex tor, Surface Cx ymbustion Cy rp 


NOTHER OLD ART is in process of being 

revolutionized. When metal has been 
heated and oxidized, the heretofore accepted 
method of cleaning its surface was by immer- 
sion in a pickle bath. This method was objec- 
tionable, for many obvious reasons, and has 
only been tolerated because no adequate sub- 
stitute was readily available. The only known 
way of avoiding it was to prevent the metal 
from oxidizing during heat treatment. 

Recently there has been developed a new 
method of removing oxide from a steel surface 
by attacking the iron oxide with a hot gas. The 
most adaptable gas for this purpose is hydrogen 
chloride, for the reason that the ferric chloride 
formed at the temperature of reaction is a 
vapor and the conversion of solid iron oxide 
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into a gaseous salt leaves the surface of the 
steel chemically clean. This process, which has 
been designated “dry pickling”, is now past the 
laboratory stage and is being developed under 
semi-commercial plant operation. Many other 
uses immediately suggest themselves. 


Electroplating and 
Finishing 
By Adolph Bregman 


insulting Metalluraic al | nqgineer 


Nex rk City 


BELECTROPLATING and metal finishing have 
had an interesting year. The industry has 
witnessed the development of several new meth- 
ods and processes, the appearance on the 
market of a variety of improved equipment and 
supplies, and also definite progress in the 
understanding of some fundamentals. 

Methods of depositing hard, heavy nickel 
plate for industrial purposes (repair, salvage 
and building-up) were made public by W. A. 
Wesley. The Travers process for electroplating 
on aluminum was placed in commercial opera- 
tion in a number of plants; this process rests 
on the development of an anodic oxide film, in 
contrast to the previous methods which con- 
sisted of removing all oxides to obtain a bare 
metal surface. A hot, high-speed copper plat- 
ing process was perfected by the Du Pont com- 
pany, which produces bright deposits of heavy 
thicknesses. A new solution for producing a 
“white brass” plate (copper-zinc) was described 
by F. F. Oplinger. The electro-deposition of 
decorative black molybdenum finishes on zine 
base alloys and cadmium surfaces was 
described by R. A. Hoffman and R. O. Hull. 

Steady progress was noted in a number of 
improvements and refinements in commercial 
operating methods. Wider use is being made 
of organic wetting agents to 
control pitting in nickel solu- 
tions. Bright nickel plating is 
growing consistently. The use 
of highly finished cold rolled 
steel for plating is gaining 
steadily because of the savings 
in subsequent polishing and 
bufling to prepare the metal for 
plating. Electrolytic cleaning 
of strip steel in caustic solu- 
tions is an important aid in 
this type of work. 


Considerable interest is being shown in 
silver plate for industrial processes. The work 
of the American Silver Producers Research 
Project has centered attention on the possibility 
of using electro-deposited silver in light 
weights, but substantially pore-free, for food 
containers and for contact with chemicals. 

The manufacture of tin plate by electroly- 
sis has not vet arrived but seems to be coming 
appreciably nearer. Commercial production by 
this method should be an accomplished fact at 
no far distant date. 

New equipment and supplies found a fer- 
tile field in electroplating. Copper oxide, plate 
type rectifiers are going into operation, some 
of the earliest installations having been made 
in electrotyping plants. A new plating con- 
veyor has appeared, the elevator type, full auto- 
matic machine, which is said to have great 
Nlexibilitv, need low head-room, and be suitable 
for a variety of operations such as_ plating, 
coloring, cleaning and pickling. 

A new type of nickel anode is in use, a 
rolled nickel containing 0.25% carbon, for low 
pH, high speed baths. 

Coating of clectroplating racks with organic 
materials for protection and preventing deposi- 
tion outside of the work itself is making rapid 
strides toward general use. Anode bags made 
of glass cloth constitute another interesting 
improvement. 

Continued growth was noticeable in the use 
of rubber for plating tank linings, the increased 
use of filtration and filter powders for plating 
solutions, the wider practice of agitation and 
also more careful control of the temperature of 
plating solutions. To a considerable extent 
this improvement has been due to the use of 
bright nickel solutions which demand extreme 
care and close control in their operation. 

The fundamentals of electroplating were 
not neglected. Research has been carried on 
at the National Bureau of 
Standards under the auspices 
of the American Electro-Plat- 
ers’ Society, on the develop- 
ment of specifications for 
electroplates on non-ferrous 
metals. There is some ques- 
tion about the continuation of 
this work, but it is hoped that 
the research will be carried on 
to completion. 

An important fundamental 
contribution was made by 
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Hothersall and Hammond in 
their work on the porosity of 
electroplated coatings on. steel. 
They fonnd that porosity can be 
traced to finely divided solid 
matter in suspension in the solu- 
tion, foreign matter on the sur- 
face of the steel, and a rough 
condition of the surface. Sue- 
cessful extension of this work 
into practical operations should 
lead to vast improvement in 


The fact that prominent plants like these 
(a partial list) have turned to WHEELA- 
BRATING within the last five years is 
indicative of the merit of this metal 
cleaning and finishing process. 


Cleveland Hardware & Forging Co. ...... 
a, 


Alliance Drop Forging Co. .Alliance, Ohio 


Stanley Rule & Level Co. . Newark, N. J. 
Dodge Forge Plant. Detroit, Mich. 
Thomson Products, Inc. ...Detroit, Mich. 
Yale & Towne Mfg. Co. Stamford, Conn. 
Cutler-Hammer, Inc. Milwaukee, Wis. 
Hyatt Bearings Div......... ..Harrison, N. J. 
Perfection Tool & Heat Treating. .Chicago, Ml. 
Great Lakes Forge.. ..Chicago, Ill. 
Kokomo, Ind. 
Bridgeport Hardware Co... Bridgeport, Conn. 
Allis-Chalmers Mfg. Co... ...LaPorte, Ind. 
Timken Detroit Axle Co........Detroit, Mich. 
Springfield Armory...... ... Springfield, Mass. 
International Harvester Co... Milwaukee, Wis. 
Fremont, Ohio 
Pittsburgh Forgings Co. Jackson, Mich. 
Wehr Steel Co.. Milwaukee, Wis. 
Union Switch & Signal Co. .. Swissvale, Pa. 
Forgings & Stampings, Inc.. ...Rockford, Il. 
American Steel Foundries Hammond, Ind. 
Mancle Products Div. ...Muncie, Ind. 
General Electric Co... West Lynn, Mass. 
Buick Ferge Div.. ....Flint, Mich. 
Melling Forging Co. Lansing, Mich. 
Plomb Tool Co... .....Les Angeles, Cal. 
Union Forging Co. Endicott, N. Y. 
Rockford Drop Forge Co. Rockford, Il. 
American Forge Div. Chicago, Til. 


electroplated coatings, suiting 
them for protective work under 
conditions which now seem too 
difficult to cope with. 
Extension of plating into 
industrial fields is leading to a 
new conception of the use for 
metallic coatings. Such coatings 
are suitable not only for decora- 
tive work, which has been long 
known, not only for protective 
work under proper conditions 


Cleaning ytees Transmission Parts In 
a 36" x 42” HEELABRATOR Tumbliast. 


Modern Die & Drop Forge Co... Blue Island, Ill. 
Crescent Tool Co...... .. Jamestown, N. Y. 
Mechanics Universal Joint Div... Rockford, Il. 
Ashtabula Bow Socket Co. Ashtabula, Ohio 


Gemmer Mfg. Co......... .... Detroit, Mich. 
Timken Roller Bearing Co....Columbus, Ohio 
Utica Drop Forge Co.... Utica, N. 
Bargess-Nerten, Inc............... Geneva, Mil. 
McKaig-Hatch, Inc............. Buffalo, N. Y. 
American Fork & Hoe Co........Geneva, Ohio 
J. P. Danielson Co.......... Jamestown, N. Y. 
Reed Roller Bit Co... .... Heuston, Texas 
Olds Motor Works........... .Lansing, Mich. 
Vincent Steel Process Co........ Detroit, Mich. 
Atlas Drop Forge Ce. ......... Lansing, Mich. 
Billings, Spencer Corp........Hartford, Conn. 
Chevrolet Forge Div............ Detroit, Mich. 
Cleveland Wire Spring Co.....Cleveland, Ohio 


Wyman-Gordon Co. ..Worcester, Mass. 
Peck, Stow & Wilcox Co...Southington, Conn. 


Nash-Kelvinator Corp.......... Kenosha, Wis. 
Chevrolet Parts Mfg. Co...... Saginaw, Mich. 
Bethlehem Steel Co............ Bethlehem, Pa. 
Wright Aeronautical Corp.....Paterson, N. J. 
Moore Drop Forging Co...... Several Places 
Champion DeArment Tool Co...Meadville, Pa. 
Federal Drop Forge Co. ........ Lansing, Mich. 


FOUNDRY EQUIPMENT CO. 


511 S.BYRKIT ST. MISHAWAKA, IND. 
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and with sufficiently heavy coat- 
ings, but also to improve the 
functioning of the product 
plated, thus adding to its intrin- 
sic value. 

No review of electroplating 
for the past year would be com- 
plete without mention of the 
new edition of the book “Pro- 
tective Coatings for Metals” by 
Burns and Schuh. This book, 
almost completely re-written, is 
the most important recent addi- 
tion to the literature, bringing 
up to date its contents on elec- 
troplating, hot dipping, rust 
proofing, cementation and metal 
spraying, and adding chapters on 
lacquering, painting and porce- 
lain enameling. 

In the field of non-metallic 
finishes, lacquer, lacquer enam- 
els and synthetics, changes are 
still rapid, due to the continual 
development of new types of 
synthetics, including such bases 
as urea-formaldehyde, phenol- 
formaldehyde, glycerol-pthalic 
anhydride, and vinyl chloride. 

An interesting improvement 
in lacquering is the use of hot 
lacquers at 150 to 160° F. The 
advantages are a lower viscosity 
of liquid, higher solids content 
producing thicker films, and a 
reduction in finishing time. These 
films are said to be comparable 
to built-up films of synthetic 
enamels, but at the same time are 
fast drying, easily sanded and 
patched and have high brilliance 
and clarity of color. 

Equipment for applying fin- 
ishes is being steadily improved 
in design and by the use of the 
principles of high production, 
automatic, straight line systems. 
Spray guns, spray booths, hel- 
mets and respirators are under- 
going constant refinement. Bak- 
ing ovens are now generally 
under full temperature and heat 
distribution control. 

An interesting improvement 
in baking methods is the use of 
gold plated lamps for electrical 
heating by radiation which is 
said to effect extraordinary reduc- 
tions in baking time. 
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PRODUCTION 


When Header Dies Are VAPOCARB-HUMP HARDENED 


A header die made of water-hardening steel, heat 
treated in the usual way and used in a big Detroit plant, 
might strike 6,000 bolts with each of its faces before 
wearing as much as 0.002”. Or, if it was particularly 
well-hardened, it might head 14,000 per face—but that 


was the limit. 


The heat-treaters, (Standard Steel Treating Co., De- 
troit) thought this 14,000 figure could be improved by 
Vapocarb-Hump hardening. They were right. Their 


very first die headed 21,000 pieces--a 50 per cent im- 


provement. The second die, even better, headed 29,000, 
because the hardener studied the first die’s automatically- 
drawn Vapocarb-Hump chart record, and changed some 
details of heat-treatment to improve the second die. Fur- 
ther changes raised the production of the third, and all 
succeeding dies, to approximately 35,000 bolts—-two and 


a half times the best previous production 


Even on these low-cost dies, the savings due to Vapo- 
carb-Hump hardening would pay for the hardening 
equipment in about a year—leaving the improvements 


in all other tools as “gravy”. 


WRITE FOR “VAPOCARB-HUMP HARDENING”, OUR CATALOG T-621. 


LEEDS & NORTHRUP COMPANY, 4927 STENTON AVE., PHILA., PA. 


LEEDS NORTHRUP 


MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS + HEAT-TREATING FURNACES 
Jr! Ad T-621(24) 
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non-ferrous 


Heat Treatment 


(Continued from Page 377) 
newer 


in the use of these and 
alloys, difficult to process, there 
is an increasingly greater 
controlled 
It is possible now to 


need 
for atmosphere 


annealing. 


get standard gas generating units 
that will generate almost any 
desired atmosphere from one 
that is only a slightly reducing 
carbonaceous atmosphere to one 
that is highly reducing, sulphur 
free, moisture free, and even 
carbon dioxide free. The use 
of controlled atmospheres will 
extended, par- 
alloys that 


undoubtedly 
ticularly to those 


ae, epreferted 


Consistently good results 

can be obtained within wide 

variations of temperature 
\ and operating conditions. 


hk WIDE OPERATING RANGE; 


iT salts are uniform mixtures 
, with a guaranteed cyanide 
content. 


] UNIFORMITY: All du Pont 


STABILITY: Du Pont sale 
baths have a low rate of de- 
composition. Bath activi 
is easily maintained wit 
moderate replenishment. 


| 


ECONOMY: A result of un- 
usual stability and efficiency 
in operation; low rate of re- 
plenishment and small 
dragout losses. 


]] SERVICE: Our trained met- 


allurgists are at your call to 
cooperate with you in the 
solution of any liquid bath 
problems. Just call or write 
our nearest office. 
At the Chicago 


NATIONAL METAL SHOW 


Stop at 


BOOTH 111 


E. 1. ou PONT DE Nemours & Company 


The & H. Chemicals Department 
Wilmington, Delaware 


District Soles Offices Boltimore, Boston, Charlotte, Chicago, Cleveland, 


Kansas City 


Nework, New York. Philadelphia, Pittsburgh, Son Francisco 
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form oxides difficult to remove 
by ordinary pickling practices. 

Age hardening copper base 
alloys need a treatment entirely 
different from regular annealing 
of standard alloys. They require 
closely controlled heating at 
rather high temperatures, rapid 
quenching, and subsequent pro- 
longed heat treatment at lower 
temperatures. The steady devel- 
opment and increased applica- 
tion of these special alloys will 
result in new designs of special 
production furnaces for this 
treatment. 

Some of the newer 
recently put into opera- 
tion, have indicated the trend of 
the future to much heavier bars 
of standard wide width in the 
arly stages of brass sheet manu- 
facture. The straight line pro- 
duction layout of this type of 
mill utilizes heavy automatic 
production and handling equip- 
ment, and the annealing fur- 
naces must conform to this 
scheme, especially in heating the 
heavy cakes and annealing the 
run-down bars. This calls for 
large capacity furnaces capable 
of handling very heavy uniform 
coils or bars, and opens possi- 
bilities for continuous furnaces 
of entirely new design. 

Continuous strand or strip 
annealing of sheet and wire has 
taken a definite place in brass 
mill annealing practice. It is 
now quite a standard practice in 
wire manufacture, and by the 
use of controlled atmospheres 
almost any alloy in wire form 
can be bright annealed. Consid- 
erable work has been done on 
continuous wire annealing in 
open flame, and this offers good 
possibilities for the future. Con- 
tinuous strip annealing of non- 
ferrous sheet has not kept pace 
with wire annealing. It is pos- 
sible by special controlled atmos- 
pheres and continuous strip 
annealing to bright anneal any 
non-ferrous alloy sheet. Equip- 
ment cost and operating cost 
handicap the process, but on 
special alloys it has a definite 
place. 
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Park Chemical Company, Detroit, Michigan 


For Twenty-Five Years Manufacturers of Quality Products 
for the Heat Treating and Hardening of all Types of Steel 


* 
CARBURIZING COMPOUNDS LEAD POT COVERINGS 
LIQUID CARBURIZERS CYANIDE MIXTURES 
NEUTRAL SALT BATHS OILS 


HIGH SPEED STEEL SALT BATHS 
METAL BUFFING AND POLISHING MATERIALS 


* 


Be Sure to See Us at Booth No. | - 208 
at the National Metal Show 


PARK CHEMICAL COMPANY 


“Everything for Steel Treating” 
DETROIT, MICHIGAN 
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Lighten your Load with 
Beacon Brand Products 
SEE US AT BOOTH L-308 


Beacon Brand Products will make 
your load lighter . . . save you time 
and money. 


If you want more information about 
the products listed below—visit us at 
the National Metal Exposition. You will 
be very welcome and we may help 
with your problem. 


INDUSTRIAL OILS 
TEMPERING SALTS 
GRINDING OILS 

DRAWING COMPOUNDS 
CARBURIZING COMPOUNDS 
aged QUENCHING OILS 


HEAT— 
onty tHe surrAce | THE J. W. KELLEY CO. 


CLEVELAND. OHIO 


The hardening operation illustrated 
above is an example of the efficient 
and economical manner in which LEPEL 
High Frequency Converters give you 
heat exactly where you want it—ex- 
actly as hot as you want it and for - gor a 
exactly as long as you want it. CHARCOAL 


Our equipment is adaptable for an- 
nealing, brazing, forging, melting and 
sintering. 


Visit our exhibit at Booth B-108 at the 
National Metal Congress. 


LEPEL 
HIGH FREQUENCY 
LABORATORIES, Inc. 


39 West 60th St., New York, N.Y. 


COAL TAR 
CARBON 


CHAR PRODUCTS COMPANY 
MERCHANTS BANK BUILDING — INDIANAPOLIS 
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A case hardening process 
developed from extensive 
of the American Cyanomid oe 
tested and proven under the 4 = 
most difficult operating con- 
ditions to be found in metol- ay, 
CARBURIZING COMPOUNDS _ 
Aerocarb A and Aerocarb B are trade marks of the two compounds R he 
which comprise this entirely new method for case hardening —_— 
Additions at pre-determined intervals of the activator compound, ee 


Aerocarb A, to a molten bath of Aerocarb B, provides a non- 
corrosive hardening bath which is in constant chemical balance — 
an essential factor for absolute uniformity of results. Compound A 
compensates for chemical changes at operating temperatures; 
Compound B compensates for the mechanical drag-out losses. 

Ease and economy of operation with maximum control of case 
depth and hardness . . . easily cleaned parts free from all traces of 
the bath material . . . no corrosive action on equipment are ad- 
ditional distinctive advantages of this process. 


Write for further information regarding this new 
process developed by the makers of |AEROCASE 


you to visit our booth No. A132 during the Metal Show. 
See Aerocarb Carburizing Compounds In action. 


AMERICAN CYANAMID & CHEMICAL CORPORATION © 30 ROCKEFELLER PLAZA © NEW YORK 


Trede mark of the American Cyanamid & Chemical Corporation applied 
te Cerburizing Compounds of its manufacture. tReg. U. S. Patent Office. 
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THE TREND CHICAGO 
GAS 


THE PEOPLES GAS LIGHT AND COKE COMPANY 


122 SOUTH MICHIGAN AVENUE 
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HEAT TREATING TRIUMPHS 


..-» DEVELOPEMENTS OF HOUGHTON RESEARCH 
SINCE THE 1938 SHOW 


ALSO those time-tested products that th 
Metal Industry knows so favorably: 
No. 2 Soluble Quenching Oi! | Drawing Compounds 


Solid Carburizers Houghto Cleans Metal Cleane 
Rust Preventives Pickling Inhibitors—Grinding Oi 


F. HOUGHTON & CO. Philadelphia-Chica 0-Detro 
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ROCKWELL 

HARDNESS TESTER HARDNESS TESTER HARDNESS TESTER 
“ROCKWELL” Testers are made in many types to meet all requirements. 


You need our large complete catalog, containing application 
information for different types. 


> vat 


Normal Type Model M made in two tall 


Normal Type Model R made in two sizes “Superficial” Type Model S made in four 
sizes 


sizes 


The models shown above are used by hundreds of aircraft builders. 


We have made over 10,000 of these 
hardnes= testers, each carrying our 
Trade Mark “ROCKWELL”, and 
each and every one has been a real 
precision measuring machine. Hard- 
ness Testing in the aireraft industry 
has been mostly and inereasingly 
under the control of our machines 


for many vears. 


Throughout the Lnited States we 
have an experienced engineering 
field organization and in all other 
industrial countries we have com- 
petent and experienced represent- 


atives. 


All of these models may be seen 


in our exhibit: 


Motorized Type for hardness inspection 


Internal Testing Type for inside surfaces 
of engine cylinders. Used by Wright Booth No. H-207—National Metal testing of parts in mass production. Used 
feronautic al Pratt and Whitney Exposition, Chicago by Wright Aeronautical Corp., Aero 
fircraft and Allison Division, General Supply Manufacturing Co.,  Scintilla 


Motors Corp. Magneto Co. and E-x-Cell-O Corp. 


j O Office and Factory: 
able Address: 379 Concord Avenue 


Wilrotest. New York MECHANICAL INSTRUMENT CO.. INC. New York City 
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WHEN you attend the Metal Show, by all means 
plan to see the Bausch & Lomb Exhibit, in 
Booth D-119. Here you will find a complete 
showing of the latest developments in optical 
instruments for the metal industry. 

Among the many instruments on display, you 
are almost certain to find those which will help 
you most in the solution of any troublesome 
problems you may have in research or control 
work. 

If you cannot attend the Metal Show, write 
us, giving a brief outline of your problems. 
Bausch & Lomb Optical Co., 638 St. Paul Street, 
Rochester, N. Y. 


BAUSCH & LOMB 


7O8 YOUR EYES, OF BAUSCH LOMO EYEWEAR, MADE BAUSCH 
GLASS TO SAUECH LOME HIGH STANDARDS OF PRECISION + 


B&L INSTRUMENTS 
INCLUDE EQUIPMENT FOR 


METALLOGRAPHY 
ROUTINE CONTROL 
INSPECTION 

PRECISION MEASUREMENTS 
HARDNESS TESTING 

SETUPS 

PRECISION JIG WORK 
LAYOUT WORK 

WELD EXAMINATIONS 
TOOL INSPECTION 


RESEARCH OR 
PRECISION 
CONTROL WORK 


YOU'LL WANTTO 
SEE THESE B&l 
INSTRUMENTS 
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Testing 
and Control 


Instruments 


The Instrument Industry 
By The Editor 


HOSE OF US who remember back to World 

War No. 1 have frequently been impressed 
with the growth of instrumentation which that 
disaster engendered. During 1916 to 1918 
innumerable plants manufactured for the first 
time to close specification. To improve uni- 
formity and to supplement (and even replace) 
human skill, it was necessary to rely on aulo- 
matic instruments, first to measure and record, 
and then to control all manner of processes. 

The trends so started have not vet stopped. 
Rather they have been intensified, since it has 
become abundantly clear that the product of 
automatic control is not only better but cheaper. 
Merely to prove the point the comparative rec- 
ords may be cited of two batteries of similar 
openhearth furnaces in one tonnage plant; the 
battery under hand control produced 7.9 tons of 
steel per furnace-hour and used 6,350,000 B.t.u. 
of heat per ton; the battery under instrumental 
control made 8.9 tons and used 5,325,000 B.t.u. 
per ton. 

It is not surprising to find, therefore, that 
the American industrial instrument industry is 
deservedly prospering. This we have known in 
qualitative terms, but never have known just 
how prosperous until seeing a recent study (a 
WPA national research project of the “white 
collar” type) entitled “Industrial Instruments 
and Changing Technology”. 

Figures on the growth of the industry have 
been carefully segregated from the U.S. Census 


and checked by manufacturers’ records. Includ- 
ing nothing but instruments for measurement 
and control of pressure, temperature, flow, and 
analysis of materials in direct production 
(exclusive of electrical instruments) the figures 
show that their value was $12,500,000 in 1914, 
but jumped nearly four-fold during the War 
and reached $81,000,000 in 1927. By 1936 the 
recovery had given back $66,000,000 worth of 
business. 

Likewise the rate of growth is really phe- 
nomenal. Taking 1929 as 100 in both industries, 
industrial instrument sales in 1921 measured 22 
and of industrial machinery 47; in 1935 instru- 
ments stood at 59 and machinery 44. In other 
words, recovery had been better since 1982, and 
expansion in the 1921-1935 period about three 
times as great as for industrial machinery. 


Optical Pyrometers 


By Mary Baeyertz 
Research Metallurgist 
(arnegie-lllinois Steel Corp 
South Chicago. Ill 


OOKING TOWARD THE FUTURE of the 
optical pyrometer, progress may be expected 
in several fields. One of these is in the tempera- 
ture scale and its transference to reference and 
working standards. This work will be done 
primarily by the few laboratories that are spe- 
cially equipped to carry out such studies, 
The future may also hold a new instrument, 
which will be as truly an “optical” pyrometer 
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as the disappearing filament type 
now so commonly used, but will 
depend on principles other than 
the photometric measurement 
with monochromatic light (now 
used in the disappearing filament 
type of instrument). A beginning 
along this line is the “color” 
pyrometer for high temperature 
range developed a few years ago 
in Germany. The measurement 
of temperature by this instrument 
depends on the change in the proportions of red 
and green light, emitted by a radiating body, 
with variation in its temperature. 

Improvement may also be expected in the 
disappearing filament type of instrument. A 
new instrument of this type has recently been 
developed in which the lamp current is meas- 
ured by a potentiometer circuit rather than by 
the milliammeter usually used. 

The optical pyrometer will probably remain 
the instrument par excellence for surveying high 
temperature operations prior to the installation 
of recording and controlling equipment, and for 
other applications in which its mobility and 
the fact that measurements can be made at a 
distance from the radiating body are desirable 


features. 


Controllers 
By L.. G. Bean 


Sales Manacer, The Bristol Sompany 
Waterbury, Conn 


HEN INSTRUMENTS were first used in 

industry, their original function was to 
measure; next it was to record. It was then 
their responsibility to indicate what was going 
on in the present and to record what had taken 
place in the past. But today an instrument is 
often required not only to measure, but also to 
control — that is, to hold the quantity or condi- 
tion under measurement within certain fixed 
limits and in this way to determine what will 
occur in the future. 

Almost all conditions can be controlled. 
Temperature, pressure, flow, load, mixture 
all are today being effectively controlled in 
widely varying applications. But in the major- 
ity of instances, and excepting those of the 
so-called self-operated type, the use of an 
auxiliary medium is required. The medium 
may be air. Or it may be electricity. Either 


makes possible almost identical 
results. The deciding factor as to 
which one or the other is to be 
used is the plant itself in which 
the control installation is to be 
made. 

The following paragraphs 
classify the more common types 
of control: 

I. Electric control, in which 
electrical energy, supplied from 
the primary measuring means, 
operates the secondary means, such as a valve. 

I-a. Off-and-On, wherein the valve closes when 
the reading is high, and opens when the reading 
is low. It operates with very small change in 
reading. Off-and-on control is the most important 
and common fixed-position type, the valve having 
two positions, either open or closed. It is adapt- 
able to most of the batch processes. 

I-b. Three Position Control is a modification 
of off-and-on which also includes “off”, “low” and 
“high” positions. It is similar to the two-position 
control, except that it has more than the minimum 
possible dead space. 

I-c. Floating Control, wherein the valve moves 
slowly Lowards its closed position when the reading 
is high, or slowly towards the open position when 
the reading is low. The valve takes that particular 
position which will satisfy the load, as long as the 
process lag is not too great. Floating control may 
be adjusted, at some sacrifice of rangeability and 
speed of response, to avoid the violent changes in 
demand of an off-and-on control. 

I-d. Proportioning Control. The valve has a 
definite throttling range, open full at one end and 
closed at the other; the valve takes a position in 
proportion to the demand. It is adapted to con- 
tinuous work. However, as the load varies, the 
control point will wander over the throttling range. 

I-e. Proportioning with Manual Reset is same 
as proportioning control, but has a manual means 
to reset the control point for each load condition. 

I-f. Proportioning with Automatic Reset is the 
same as proportioning control, but has an auto- 
matic device in the controller or valve itself to 
reset the control point for each load condition. It 
is particularly necessary on continuous processes 
where wide band (say, more than 15% throttling 
range) is employed. 

Il. Air Control, in which compressed air, 
supplied from the primary measuring means, 
operates the secondary means, such as a valve. 

Il-a. Off-and-On. In this type of equipment 
valve motion is rapid and the range for the adja- 
cent control points is small, probably less than 1% 
of scale width. Such off-and-on control is adaptable 
to most of the batch processes. It is the most 
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important common type of air control, the valve 
operating relatively rapidly from one position to 
the other, with a throttling range of less than 1%. 

IIl-b. Proportional Narrow Band; Fixed Sensi- 
tivity is a throttling type of control with a narrow 
throttling range, say, 10%. Provided the process 
lag is not too great, it does allow the valve to 
assume a throttling position more than the off- 
and-on. But since its throttling band is narrow, 
no appreciable drift in control point with change 
in load (departure) will take place. 

IIl-c. Proportional Narrow Band; Variable 
Sensitivity is the same as above, except that means 
are available to vary the throttling range, generally 
to not over 20%. It is adapted to processes where 
the change in load is slight, but where some throt- 
tling range or sensitivity adjustment is necessary to 
prevent hunting. 

Il-d. Proportional Wide Band, a type of con- 
trol which has a throttling range from 10% up. As 
a general thing, if the throttling range is wide, the 
control is subject to drift in control point with 
change in load (departure). It is therefore adapt- 
able only to continuous processes, and not often 
recommended. 

Il-e. Proportional Wide Band Control with 
Reset is the same as above, except that it has an 
automatic means to reset the control point so it 
will not drift with change in load (departure). 
Actually, the throttling range is normally very nar- 
row, but is automatically and 
temporarily widened in pro- 
portion to the rate of change, 
and subsequently restored to 
its normal narrow value. 
Most proportional wide 
band controllers should be 
equipped with a reset. Such 
instruments can be furnished 
with throttling ranges which 
automatically widen up to 
150%. 

In connection with the 
various control instruments 
described above, throttling range has been con- 
sidered as that percentage of the instrument 
scale range which causes the valve in throttling 
control to go from tight closed to full open. It 
is the reverse of sensitivity; in other words, a 
high sensitivity instrument is one of low throt- 
tling range and vice versa. 

Almost all electric and air controllers, 
whatever their trade names may be, come into 
one or the other of the above classes. It can be 
seen that they meet a wide variety of operating 
conditions. Proper engineering of an applica- 
tion by a control engineer will determine which 
type is best adapted to any given process. 
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High Speed Recorders 


and Controllers 


By C. O. Fairchild 
Director of Resear ¢ sbue Mia 
Brooklyn, N. Y 


EVELOPMENTS may proceed rather 
rapidly in the field of temperature meas- 

urements in the process industries, toward 
faster, more accurate recording of temperatures 
with instruments of simplified design. The 
more complicated instruments are becoming 
unacceptable to the men who have to make 
them go. Faster recording will be in greater 
demand not only to take care of more tempera- 
tures on a single chart as in multiple point 
recording, but also to record accurately a 
rapidly changing single temperature. 

Greater accuracy is to be demanded of the 
recording electrical thermometers, and thermo- 
couples will therefore be used in preference to 
resistance thermometers greater ratio. 
“Laboratory accuracy” is being approached in 
many industrial applications. 

In the field of automatic control the demand 
will be marked for simplification of the indus- 
trial instruments designed 
to meet the fundamental 
requirements with a mini- 
mum of “doo-dads”, Think- 
ing along these lines leads 
one to the present fad of 
coordination of control, 
that is, the interlocking of 
various controllers in a 
single plant unit. To some 
extent I believe this will be 
found to be a passing fancy, 
and further knowledge of 
the principles of coordination will develop. 

Of all the variables to be measured and 
controlled in industrial processes, temperature 
plays the primary role of interest. This is borne 
out by the successful preparations for the tem- 
perature symposium to be held by the American 
Institute of Physics, Nov. 2 to 4 in New York 
City, to cover “Temperature, Its Measurement 
and Control in Science and Industry” — and this 
long title is not too much for the hundred or 
more scientific and technical papers to be 
presented. 

A special interest to readers of Mera Proc- 
RESS is that R. B. Sosman, the well-known phys- 
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ical chemist of the U. S. Steel Corp, Research 
Laboratory, is chairman of the Metals Industries 
Committee of this symposium, and some very 
important contributions will be available to 
metallurgists, revealing present trends of 
thought and development, and to some extent 
foreshadowing the way of future progress. 


Radiation Pyrometers 
By P. H. Dike 


Assistant | Jirector of Research 
Leeds & Northrup Co. Philadelphia 


N THE PAST YEAR there has been a contin- 
ued increase in the application of improved 
‘radiation pyrometer detectors (now widely 
known under the trade name Rayotube) to 
problems in the measurement and control of 
temperatures. Particularly in the metal indus- 
tries, both ferrous and non-ferrous, technical 
workers, when confronted with a difficult prob- 
lem in temperature measurement, are beginning 
to inquire first as to the possibility of using one 
of these devices to secure the desired result. 
Radiation pyrometry is solving many tem- 
perature measuring problems. For example, it 
is being applied to: 

Forge furnace temperatures, where thermo- 
couple life is short due to breakage. 

High temperatures, as in cement and porce- 
lain kilns, where heavily lagged platinum 
thermocouples are slow in response. 

Low temperatures, much below incandes- 
cence, as in rail annealing, or mold temperatures 
just before pouring. 

Temperatures of furnaces containing con- 
taminating gases, where the Rayotube is a true 
thermocouple substitute, it and a closed-end 
tube forming a complete detecting unit. The 
closed-end tube projects into the furnace, with 
the air-cooled or water-cooled sensitive element 
attached to its outer end. 

Surface temperature of billets, rods or rails 
in the open, to determine variations in tempera- 
ture as the work progresses. 

Surface temperature of the work in heating 
furnaces of the continuous type with mechanical 
arrangements to avoid errors due to flame, 
smoke and reflection. This is of particular value 
in furnaces where, for the sake of economy in 
floor space, and to save furnace costs, a high 
heat head is used. The furnace temperature 
may be 200 to 300° F. higher than that of the 


work at discharge, and the furnace operation 
should be controlled from the work temperature 
rather than from the furnace temperature, in 
order to meet variations in mill activity. The 
method is applicable to small continuous heat 
treating furnaces, to medium sized billet heating 
furnaces, both ferrous and non-ferrous, and to 
the large preheating furnaces in steel mills. 

Much remains to be done in the applica- 
tions mentioned as well as in other fields, such 
as the very important and difficult one of molten 
metal temperatures. The radiation pyrometer 
promises the successful measurement of the 
temperature of steel in the openhearth furnace 
before tapping, and is being used to record and 
control the temperature in a casting furnace in 
a brass foundry, as well as iron and slag tem- 
peratures from blast furnaces. 

In this type of pyrometer the sensitive ele- 
ment leads a protected life, shut away from 
injurious atmospheres and in surroundings al 
a comfortable temperature, looking out through 
a quartz window at the hot surfaces in which it 
is interested and warmed by them to a mild and 
comfortable degree. If its window is kept clean, 
it may look into a furnace at 3000° F. for months 
on end without the slightest deterioration, and 
measure its temperature as accurately as when 
first installed. A thermocouple, on the contrary, 
must enter the furnace, and touch the body in 
which it is interested to find out what its tem- 
perature is; it is thus exposed to contaminating 
gases and high temperatures, and its life may 
be strenuous and short. 


Hardness Testing 
By Howard Scott 


-ngineer Metalluraic al Sectior 
W estinagh use Resear | aborak ries 
bast | Pa 


ib ORDER TO AVOID the highly controversial 

aspects of this subject, hardness is used here 
only in the narrow sense of resistance to static 
penetration. When “hardness” is said, the 
metallurgist visualizes a static penetration test. 
The most widely used hardness tests fall in this 
‘ategory. Their principles of action are well 
understood, but there are many problems in 
their application and interpretation of results 
which deserve attention. 

One arises from the fact that certain hard- 
ness testing instruments use impression diam- 
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eter while another 
group uses impression 
depth as a measure of 
hardness. Is the same 
property measured by 
both types of test? 

A recent study of 
the relations between 
a representative test of 
type has shown 
that the elastic modu- 
lus of the metal tested 
is an important factor 
(A paper on this subject will be 


in the relation. 
presented at the forthcoming Metal Congress.) 
For example, at 900 on the diamond pyramid 
hardness scale (d.p.h.) the Rockwell hardness of 
steel is 67.5 on the C scale, while that of a sintered 
carbide having about 214 times the elastic modulus 


of steel is 65.5. 

This fact is surprising, since hardness appar- 
ently measures resistance to plastic deformation. 
Analysis of these tests such as was made in a 
paper presented last year in Transacrions & 
(page 363) shows clearly enough, however, why 
this effect should be found. There is relatively 
much more elastic spring-back after release of 
load in the depth measuring test than in the diam- 
eter measuring test. As a consequence, with the 
same load and impression diameter the former 
test gives a higher hardness number the lower the 
elastic modulus of the metal tested. This fact 
may be expressed quantitatively in an empirical 
equation. 

The large number of hardness conversion 
charts in circulation testify to the need for them, 
but large discrepancies between individual charts 
suggest basic objections to their use. One diffi- 
culty and cause of inconsistency is, of course, the 
elastic spring-back just described. Evi- 
dently a conversion chart between a 
depth and a diameter measuring hard- 
ness scale can be accurate only for 
metals having approximately the same 
elastic modulus. Other causes of error 
are also known, but when they are 
eliminated conversion tables can 
undoubtedly be used with confidence. 

Metallurgists are unduly burdened 
with the necessity of being familiar 
with a large number of hardness scales. 
Why will not one reference scale suffice 
for purposes of record and communica- 
tion? If accurate conversion is feasible, 
as the present evidence indicates, we 


need talk in only one hardness language. 
Though elastic modulus must be taken into 
account, so doing is not burdensome because 
elastic modulus is a_ structure-insensitive 
property and, therefore, affected very little by 
kind or quantity of an alloy content. Prac- 
tically all metals and alloys fall into four 
classes on this basis. An endeavor to use a 
single hardness scale will undoubtedly be 
made in a small way as soon as complete con- 
version data are available. 

If a single reference hardness scale is 
used, what scale will serve this purpose best? 
Certainly a test employing a diamond pene- 
trator is essential to cover the range of hard- 
ness found in metals. From a_ practical 
viewpoint, an indenter in the shape of a 
pyramid is preferable to one cone shaped. 
The universally accepted method of comput- 
ing hardness numbers as load in kilograms 
divided by area in millimeters of the impres- 
sion as loaded should, of course, be continued. 
The test thus specified (the diamond pyramid 
hardness test) provides the best reference 
scale among those in current use. 

Equipment for making the diamond 
pyramid hardness test is developed and avail- 
able, but one may question that it provides 
the ultimate reference standard. In fact some 
work just published by Knoop and others at 
the National Bureau of Standards suggests 
that the ideal form of indenter is not a rec- 
tangular pyramid but one producing a rhom- 
bus shaped impression. Hardness numbers 
for such an indenter are computed from the 
length of the long diagonal and elastic spring- 
back is completely eliminated by choice of a 
favorable ratio of diagonals, about 7 to 1. 

With a diamond indenter of this shape it 
is possible to determine the 
hardness of glass and other 
brittle materials without 
chipping. In fact the origi- 
nators of this indenter evalu- 
ated Moh’s hardness scale in 
terms of penetration hard- 
ness by its use. This form 
of indenter, therefore, mav 
be the logical successor of 
the rectangular pyramid. In 
any event there will undoubt- 
edly be renewed interest and 
experimental activity in 
hardness testing during the 
coming year. 
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Mechanical Testing of 
Tomorrow 


By R. L. Templin 
( chief Engineer of Tests 
Aluminum Company of Americ 4 


New Kensingk Pa 


ROGNOSTICATION of future vogues in the 

mechanical testing field is just about as 
hazardous as trying to guess the future bound- 
aries of European nations. If we confine our 
prophecies to the relatively near future, how- 
ever, certain trends can be extrapolated with 
reasonable expectation of fulfillment. 

It seems reasonable to expect a continued 
interest in the usual static mechanical properties 
of materials because of our backlog of informa- 
tion on these properties, their uses in product 
specifications, their value in controlling fabrica- 
tion processes, and as a basis for selecting engi- 
neering design values. 

A number of mechanical property test 
procedures have been developed recently which 
undoubtedly will be used more extensively in 
the near future. Among these may be men- 
tioned the new hardness test and the pack com- 
pression test for thin sheet metals developed 
at the National Bureau of Standards. 

There is a real need for improvements in 
much of our present mechanical testing appa- 
ratus and much work is being done, by both 
manufacturers and users, to improve testing 
machines. Available strain gages, for one 
example, leave much to be desired in many 
necessary applications. 

Development work is now being actively 
prosecuted with the object of increasing the 
accuracy and reliability of our present labora- 
tory tests, and widening their scope. Horace W. 
Gillett ably pointed out, in his Henry Marion 
Howe Lecture, what we don’t know about creep 
of metals. In so doing, he has shown the short- 
comings of the test methods and apparatus now 
in use, and indicated the work planned or under 
way to improve the conditions he has described. 
Because of the real need for further data on 
the creep of metals, we may confidently expect 
not only better methods of testing in this field, 
but also a broadening of the field now under 
investigation, 

The behavior of materials when stressed 
beyond their elastic ranges is of considerable 
importance in the design of some of our modern 


structures, such as aircraft. The problems pre- 
sented are beyond the scope of the classical 
theory of elasticity, and the present theory of 
plasticity is as yet not a satisfactory tool for 
their solution. Photo-elastic methods are appar- 
ently inadequate, but satisfactory solutions for 
such problems are being obtained by the use of 
experimental analysis of actual structures or 
models, under both laboratory and service con- 
ditions. The need for further development of 
these methods is quite apparent, with the result 
that an increased activity may be expected in 
this field of testing. 

The designing engineer is becoming more 
and more concerned with the dynamic proper- 
ties of the materials in today’s structures and 
machines, and those which will go into the struc- 
tures of tomorrow. These “streamlined” struc- 
tures of tomorrow are expected to function 
more efficiently than those of today, and to do 
this they must be divested of superfluous mate- 
rial to conserve space, reduce weight, and 
prevent waste of power in their use. Simulta- 
neously, however, they must be provided with 
increased stability and strength. Whether mate- 
rials now known or new ones are used for 
building these structures, more definite informa- 
tion concerning their behavior under dynamic 
forces must be available if they are to function 
satisfactorily. We may, therefore, expect an 
increasing interest in fatigue, vibration and 
impact testing. These tests will be amplified so 
as to place more emphasis on effects of factors 
of design and use, such as stress raisers, stress 
ranges, combined stresses, corrosion, corrosion 
inhibitors, temperature, and speed. 

Accelerated tests of structural assemblies, 
such as joints, beams, columns, frames and 
panels, under both static and dynamic loads, 
have given results that are more informative 
and convincing than those obtained by using 
only the physical properties of the materials 
involved and the classical methods of design. 
While such tests often point the way to improve- 
ment in design, vet they need to be more closely 
correlated with service conditions. This in turn 
will require more definite information on the 
actual behavior of structures in service. 

Efficient design of structures from high 
strength materials generally results in com- 
ponents having relatively high slenderness 
ratios. When such structures are required to 
operate at high speed or under conditions 
involving vibration, the natural frequencies of 
the various parts and of the structure as a whole 
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Sheet I of S 
Crystallography of the Chemical Elements | 


As Tabu/ated by William Hume-Rothery 
in “The Structure of Metals and Alloys” Monograph No /, British Institute of Meta/s 


Notes: @ is body-centered cubic ; is face-centered cubic ; O close packed hexagona/; 
simple rhomboheora/ ; Vis orthorhombic ; Ais face-centered tetragona/ 


(b) Appears to be smalter in some alloys 
(c) 8 atoms to unit cell; each atom has | neighbor at 2.437,2at2.706,2 at 2.736 and Zat 2.795 
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| Lattice Interatomic| & 
Element | 4lectron Axa/ | | Constant | Distance 
Atomic | Arrangement Ratio | % Ss 
Y 
| GS 
Group [A rn Perfodic Sequence 
3 Lithium | (2/1 |55/7004| — 3.04 3.13 
1? Sodium | (2H8)1 — 5.72 3.83 
19 Potassium (2H8}(8) 1 8 | $5535) — 4.6/8 — |4.76 
37 Rubidium (2HENIEH(8) 1 6 |562t003; — 4.87 — |5.02 
ot-/7FC. 
55 Cesium ! - 8 |605tQ03| — 5.24 — | 540 
at-I7F%C. at 
Group IB 
29 Copper 1 1? | 5.6078 2.5511 — 2.551 
47 Silver 1 | | | 9.0778} — | 2.9835| — |2883 
29 Golo (QHEMIBH 1 12 | 4.0699| — 2.8778| — 12877 
Group IA in Periodic Sequence 
4 Beryllium (2/2 O 15848 | 66 | 22679| 3.5942) 22235| 22673| 225 
12 Magnesium 2 O 1.6236 | 66 | 5.1991| 3.1900| 3.2022| Z20 
20 Calcium (2HE)(8) 2 a= 12 | 556 3.93 — | 393 
(data for 450°C} 1640 6.6 | 5.94 6.46 3.94 5.955 | 598 
38 Strontium 2 12 | 6.095 4.296 42% 
56 Barium | 5.0/5 4.343 — |448 
Group 
30 Zine 2 O 18560 | 66 | 26590| 49351| 26590) 2.9061 | 2.748 
48 Cadmium | | 18652 | 66 | 2.9736| 5.6069| 2.9736| 3.2872| 3.042 
80 Mercury | 2 & 2.999 at-46C.\ 2.999 one 5./0 
Group IMA in Periodic Seguence 
5 Boron (2) 3 - — [280to 
13 Aluminum 5 12 | 4.04/a 2.8568) <— 
2! Scandium (2HE)(9) 2 \ (rote 6) 
39 Yttrium (2ZUENIBHG) 2 O 1588 6.6 | 3663 | 58la | 3595 | 366s | 3.629 
57 lanthanum| \a=O| 16/3 6.6 | 5.754 | 6.063 | 3.727 | 3.754 | 3.74/ 
12 | 5296 3.754 3.745 
Group IB 
3/ Gallium 3 | | — | 45/671 7.6448 | (notec) 
b=45/07 
49 Indium 5 A 1.097 4,8 | 4583 | 4936 5./58 
8/ Thallium (2HEHIBH3ENI8) 3 \a=O| 1.600 6.6 | 3450 | 5520 | 3.404 | 3.450 | 3.427 
=() 12 | 4841 3.423 3.425 


| 

| 

4 

| 

| 
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There is 


must be given serious consideration. 
a conspicuous lack of knowledge of the 
vibration characteristics of most engineering 
structures. Furthermore, if the vibration char- 
acteristics are determined for a given structure 
and found to be undesirable, the solutions to the 
problems presented are often unsatisfactory. 
The increasing number of problems of this type 
will undoubtedly stimulate new testing work. 

Development and use of new materials pos- 
sessing new combinations of mechanical proper- 
ties will require a critical review of the 
significance of the various mechanical proper- 
ties and their values in structural design, as well 
as structural behavior under service conditions. 


Spectrography in 1939 
By Thomas A. Wright 


Secrelary and Technic al | Mirector, Lucius Pitkin In 


New York City 


NE’ INSTALLATIONS of prism and grating 

instruments are more and more numerous, 
with continued indications that the grating type 
is gaining preference despite the fact that indus- 
try is still leaving it to two or three universities 
to produce the actual gratings. Conversely the 
prism manufacturer has been dependent chiefly 
upon the deposits of optical quartz in the miner- 


alogist’s paradise in the State of Minas Geraes 
in Brazil, but as radio and television are using 
increasing quantities of high grade quartz crys- 
tals, added incentive is offered for the discovery 
and exploitation of new fields so there probably 
will not be a real scarcity such as some fear. 
There is still considerable unexplored territory, 
both as to area and depth, on and in the well- 
known earth. As to gratings, there is also 
apparently a field for reasonably priced spec- 
trographs employing replica gratings. 

Other than the merits and fields of applica- 
tion of the two general types of spectrograph, 
interest during the year has, publicly at least, 
continued to center upon methods of excitation. 
This was brought out vividly at the symposium 
conducted by Committee E-2 at the June meet- 
ing of the American Society for Testing Mate- 
rials. Next in importance (as also evidenced 
by spirited discussion) were methods of measur- 
Photometric 


ing the “graying” of the lines. 
apparatus is tending even more to supplant 
visual measurement, and the projection com- 
parator is growing in favor. The next five years 

judged by the last five-——will show much 
greater progress along these lines. A number 
of individual workers are designing or are using 
their own micro-densitometers, and the firm of 
Leeds and Northrup has also placed a line of 
equipment on the market. 

Except for some noted instances, sampling 
and sample preparation seemingly are too 
blithely ignored or glossed over when, as a mat- 
ter of fact, due to the small amount of material 
employed in excitation or the small increment 
of the desired element, most of the costs and 
responsibility may often come under that head. 
For example, some of the discussions on the 
merits of are vs. spark at the formal and bull 
sessions at the A.S.T.M. symposium and _ the 
subsequent one at Massachusetts Institute of 
Technology seemed beside the point. It should 
be obvious that three criteria govern: One, the 
sample should be representative; two, in such 
a form that it properly responds to the method 
of excitation; three, of correct weight, Excita- 
tion current and exposure time should be so 
adjusted that neither too little nor too much 
of the desired element is registered. Those 
workers who must deal with a heterogeneous 
number of materials may be confused at times 
as to what is the desired combination of tech- 
niques, but some of those who only work on one 
or two types of base allovs may be fooled by a 


seeming simplicity. 


October, 1939; Page 411 


= 
te 
‘ 
| 
| 
oy 
| 
it 
> 
- 
4 
4q 
“eat 
= 
| 
‘thet 
; 
| 
| 
| 
d 
| 


a 


q 
i 


A . 


Crystallography of the Chemical Elements 


Sheet II of 5 


As Tabu/ated by William Hume-Rothery 
in “The Structure of Metals and Alloys” Monograph No.1, British Institute of Meta/s 


c | Lattice | Interatomic 
Element Flectron S| Axia/ | & | Constant | Distance | §§ 
Atomic Arrangement Ratio Q3 
in Free Atoms | Cra QF 
6 a Cc a; a2 & 
S 
Group IVA in Pertodic Seguence 
22 Titanium | O 1.60! 66 |\2.953 | 4.729 | 2.9/5 | 2953 | 2.93 
40 Zirconium AICHE SLO a=O| 7.589 6.6 | 3.223 | §./23 | 3.166 | 5223 | 3.19 
[data for 867°C. B=) 8 | 3.6/ — | 3.126 
72 Hafnium | O 1.587 6,6 | 3200 | 5.077 | 3.1359 | S200 | 3/7 
90 Thorium 12 \5.0?70r| — |Z5900r; — 
5.091 3.600 
Group IVB,including Carbon and Silicon 
6 Carbon,diamond 4 |3.5606| — — 
graphite 0 2.75 6 | 246 6.78 142 | 246 
14 Silicon (2H(8)4 4 | 5.4/8 2.346 
32 Germanium 4 | 5.649 2.445 2.788 
50 Tin, gra (2HENIBHI8) 4 4 | 6.46 — |2797 — | 3./64 
white — 0.5456 | 4,2 | 5.8194| 3./253| 3.0/6] | 5.1753| — 
62 Lead 4 12 \4.9389'| — 13.4923| — |3.494 
Group VA in Perfodic Seyuence 
23 Vanadium @ |3035| — |2627 — | 269 
4! Columbium 8 — | 2855 — |294 
73 Tantalum 5.298 — |2854 — |294 
Group VB 
7 Nitrogen (2)5 a=cubic — — | 5.66 1.06 
1/5 Phosphorus D | 7 | 3,5 | 5.14 1.74 | 3.0/ 
33 Arsenic 5 DQ | | 3,35 | 4.15) — |25086| 3./465\| — 
5/ Astimony D | a=57° | 3,35 | 4497 — |2879 | 3.3578 | 3.228 
83 Bismuth 5 | a=57°/6 | 3,31 4.7365| — 1|13./05 | 3.474 \ 3.64 
Group VIA in Periodic Sequence 
24 Chromium (2HENIZ) 1 a= 8 | 2.8786 2.4929 2.57 
B= 1.626 6.6 | 4.418 | 2.709 | 2.717 | 2.7) 
42 Molybdenum 1 6 |3./403| — |2.7/96| — |280 
74 Tungsten a= | 3./583 2.73552 2.82 
B, (c)| 8 atoms in unit cell> 5.038 2.519 | 2.8/6 
92 Uranium \Mono-| a2b20=/2h 2521/7 | 2829 3.508 | 2.829 «Noted 
clinic| B= 64°78" | b= 4.887 | 
Group VIB 
16 Sulphur (2H8)6 Ofo)| — 1/06! |24.56 
34 Selenium (2HEHIE/E O(fe/| 1.140 2,4 | 4.537 | 4945 | 23/6 | 3.457) — 
52 Tellurium 6 Ofe/| 2,4 |4445 | 5912 | 2.858 | 5.46 


Notes: (2) &) is body-centered cubic; O is face-centered cubic ; O is close packed he 


as noted; is diamond ; Ais tetragonal; is rhombohedral and 


(6) Graphite is hexagonal, not close packed, with four atoms per unit cell. 

(c} Cubie structure ; two positions distinguishable, X and Y. Fach atom X has l2Y at 28/64 ; 
each atom Y has Yat 2.519 and 4X at 2816A 

ld] 128 atoms in unit cell. Data from International Critical Tables or A.S.M. Metals Handbook 

[e) Hexagonal, not close packed; each atom has 2neighbors at dO; and 4 at a> 
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Scientifically, the line between are and 
spark seems rather shadowy. Practically, the 
spectrographer depends upon the are to give 
him a high temperature and thus a vapor phase, 
while in the spark the temperature effect is not 
noticeable and the desired effect is one of elec- 
tron excitation. 

It is a long cry from the 70’s to now, but it 
seems as if the break has come and that from 
now on we shall hear more of the routine use 
of the spectrograph in the steel industry, not 
only in investigating the metal but also the slag 
and the refractories. How slow and intermit- 
tent progress may be is illustrated by mention- 
ing an old book on Spectral Analysis, privately 
printed, which came into the writer’s possession 
some time ago. John Parry, the author, in dis- 
cussing the application of the spectroscope to 
the detection of adventitious elements (includ- 
ing gases, if you please) in iron and steel as 
affecting the chemical and mechanical proper- 
ties, emphasized the necessity for recognizing 
these minute metals, metalloids (compounds 
too), and gases, and of determining them 
quantitatively. Parry even studied a plan of 
controlling, by spectroscopic study, the vapors 
from “ordinary blast and heating furnaces”. 
He studied in addition gray iron, spiegeleisen, 
iron ores and ordinary steels. He photographed 
the spark spectra, employing 
the prism, and recommended 
the use of the photograph 
rather than the eye. 

This year photographic 
technique came more to the 
fore. There is still room for 
improvement. It is more 
important than some think. 

An outstanding contribu- 
tion to spectroscopy was the 
final publication of the long 
awaited Wave-Length Tables 
under the editorship of George 
R. Harrison of Massachusetts 
Institute of Technology. These 
tables, the most comprehensive 
by far, include some 110,000 
spectrum lines in the range 10,000 to 2,000 A, 
with intensities in the arc, spark and discharge 
tube shown by a new and useful system. 

The year also saw the publication of a com- 
prehensive textbook on Chemical Spectroscopy 
by Wallace R. Brode of Ohio State University. 
Both books should certainly be in the practicing 
spectroscopist’s library. 


Metallography 


By Vilella 
Resear h Labx wralories, [ Steel ( rp 


Kearny, N. J. 


ARRING unforeseen and untoward condi- 

tions arising out of the present European 
war, there is no reason to doubt that the contri- 
butions of metallography to steel technology 
will continue to be as fruitful in practical results 
as in the past years. All indications at present 
point to a continued interest in the art and sci- 
ence — and probably further valuable contribu- 
tions will be made along the same lines as 
during the last few years. 

In the control laboratory of the steel mill 
the microscope will probably hold its present 
position as an indispensable tool in the solution 
of production problems and in the investigation 
of service failures. In the research laboratory 
it probably will remain focussed on such fertile 
fields of investigation as (1) the isothermal 
transformation of plain carbon and alloy 
steels, (2) correlation of the structure of steel to 
such properties as resistance to creep at high 
temperature and to impact at low temperature, 
(3) further studies of hardenability and grain 
size, (4) correlation of the structure and prop- 
erties of alloy steels, and (5) 
further studies of precipitation 
phenomena, such as aging. 

It would not be surprising 
to see a determined effort in 
the near future to relieve 
metallography of the burden of 
a totally unscientific and inade- 
quate nomenclature of steel 
structures, 

It is not diflicult to foresee 
that, in the field of metallo- 
graphic technique, the present- 
day efforts to develop improved 
methods of polishing, etching 
and photomicrography will 
continue as heretofore. The 
introduction of lead laps for 
polishing has proved to be a valuable improve- 
ment and it can be safely predicted that more 
metallographers will eventually adopt them for 
the preparation of flat surfaces. 

The increased interest in the structure of 
alloy steels might well be the needed stimulus 
toward the development of improved etching 
reagents. While up to the present no outstand- 
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Crystallography of the Chemical Elements 


Sheet I 


Of F 


As Tabulated by William Hume-Rothery 


in “The Structure of Metals and Alloys” Monograph No.1, British Institute of Meta/s 


Element 


Atomic 
No. 


Electron 


Arrangement 


in Free Atoms 


Crysta/ Structure 
(note a) 


Axia/ 
Ratio 
C+a 


Coordination No. 


Lattice interatomic 
Constant Distance 


Atomic Diameter- 
(Coordination No.12/ 


25 Manganese 


43 Masurium 
75 Rhenium 


9 Fluorine 
17 Chlorine 
J5 Bromine 
53 Iodine 


85 Alabamine 


26 Iron 
27 Cobalt 
28 Nicke/ 


44 Ruthenivin 
45 Rhodium 
46 Palladium 
76 Osmium 
2? Iridium 
78 Platinum 


58 Cerium 


59 Praseoaymium 
60 Neodymium 
68 Erbium 


Group VITA tn Periodic Sequence 


a=Cubic (note 6/ 
B=Cubic(note c/ 
0.934 _ 

1 

2 O 1.6/48 
Gro up VII 

(2)? 

7 O | 542.04 

}-| 
Gro up Vill tn Periodic 

(2HEN14) 2 a= 
Y = 

2 1.624 = 

(2UEN16) 2 1.64 

1 O 1.585 
18) - — 
Rare Harth Gro 
9) 2 1.62 6.8 
9) 2 O 1.620 6,8 
1.608 66 
| a 6,6 


6.894 
6: 


3774 | 35526 | 2 


2.7553\ 44493 


Seguence 


2.86/o 


900. 


2.507 
5.545 


2.49 
3.5170 


2.8695 
5.7955 
5.8824 
2.730 
T.85/2 
3.9158 
465 
5./4z 
5.657 
5.657 
5.74 


4.072 
4.08 


427s 


4.309 


5.9/ 


5.924 
5.68 
6.09 


582 | 2669 


&.7349\ 2.7553 


2.4772 
2.580 


2.499 
2.507 


2.49 
2.9869 


2.643 
2.6858 
2.7453 
2.689 
2.7091 
2.7689 


5.65 
5.657 
3.619 


(note 


3.65 


3.657 
3.657 
3.74 


2.52 
250 
2.507 


2.49 
2487 


267 
2.684 
2.745 
2.70 
2.709 
2.789 


364 


5.64 
5.75 


Approximates where each lattice point is a 
cluster of 29 atoms ; / typexX,4 typeA,/2 type Do 


and /2 type D;. TheX atoms occupy 


the largest 


atoms of two kinds in unit cell. 
Lach atom of the first kind hes 


Notes: (a) body-centered cubic; is face-centered cubic; O is close-packed hexagona/; 0 orthorhombic 
(c/ Complicated structure with 20 


volume and the Dp the smallest. interatomiG as- 3 neighbors at 2.365 
tances of neighboring atoms are as follows : 3 ti u 2.530 
X atoms have Deoat 2.71 @ 267] 

4A at 2682 5 wu u 2.675 


Lach atom of the second kind has 
2 neighbors at 2.530 
2 Ww un 2615 


A atoms have 1X at 282 
3D, at 249 and at 2.96 
at 269 and Sat 289 


Doatoms have 1X at 2.7! 4ou u 2.659 
2ou u 262) 
2A 3t 289 and / at289 3695 


/Do2 at 2.24 and 2 at 2.58 


1D, at 2.45, Z2at 25laend2Zat 2.66 Atoms arrenged in pair 
Ss SO that 
D, atoms have /A at 2.49 and / at 2.96 each one neighbor 
/ Dp at 2.45, 2at 2.51 and 2at 2.66 at 270. Data from 


ets/: 
6D; at 267 Handbook. F 
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ing contributions have been made on the appli- 
cation of polarized light, ultra-violet light and 
darkfield illumination to metallographic prob- 
lems, these new tools are potentially fruitful 
and can be expected to fulfill their promise. 


Radiography 
By Kent R. Van Horn 


Aluminum Research Laboratories 


Aluminum ( 0. of America ( leveland ( hi 


HE PAST YEAR in radiography has contrib- 

uted some small but beneficial refinements 
in X-ray apparatus, accessories and technique. 
No startling advances have as vet appeared 
above the horizon. 

The size of the focal spots of the X-ray 
tubes that are used for industrial radiography 
have received attention. The standard 220,000- 
volt tubes used for the examination of moderate 
sections of steel have focal spots of about 0.5 in. 
or 13 mm. in diameter. The focal diameter of 
the new tubes has been reduced to about 6.5 mm. 
without any sacrifice in the speed of the equip- 
ment. It is now possible to approach the greater 
detail obtained by the fine focus tubes used for 
the examination of light alloys. In this fine- 
focus range of commercial X-ray tubes, decrease 
in focal areas with the focal distances usually 
employed slightly increases the definition but 
the improvement is generally of litthe com- 
mercial significance. The finest focus tube 
should be selected that will economically pene- 
trate the various sections encountered. 

A new and very reasonably priced 140,000- 
volt tube and apparatus has been recently 
developed. This apparatus is a completely 
shock-proof unit, weighs only 45 Ib. and can 
penetrate about 1!, in. of rolled steel or 5 in. 
of aluminum. The effective focal spot, 4.5 x 4.5 
mm., represents a 50°. reduction in area of the 
former fine focus X-ray tube. The new tube 
has a 30° target angle rather than the conven- 
tional 45° angle, and therefore permits a larger 
film coverage for a given focal distance. 

The applications of radiography continue 
to expand and the interest of industrial con- 
cerns appears to have considerably increased. 
It is estimated that about 25 new units have been 
installed in the welding and casting fields in this 
country during 1939. 

There also have been some interesting 
developments in accessories. It has always been 


a problem in industrial radiography to satisfac- 
torily examine castings having both thin and 
thick sections. These difliculties have generally 
been overcome by introducing special filtering 
screens with relatively long exposures, immer- 
sion of the article to be examined in a solution 
having a density comparable to the metal, and 
adding suitable thicknesses of barium clay, lead 
putty and lead sheet to the thinner sections to 
compensate for the shorter exposure. Recently 
C. D. Moriarty of the General Electric Co., 
Schenectady, N. Y., has obtained very excellent 
detail in welds containing rather large beads or 
accumulations on the surface by blocking with 
copper shot. The shot must be exceedingly fine 
and spheres about 5 mils in diameter or approxi- 
mately ten million to the cubic inch are recom- 
mended. Shot of steel or non-ferrous alloys 
may be utilized when material of other \-ray 
density is desired. 

X-ray protection has been given consider- 
able attention in the past by the International 
Commission on X-Ray and Radium Protection, 
and the various specifications have appeared 
in communications from the Bureau of Stand- 
ards. This organization has continued to investi- 
vate the fundamentals of X-ray protection and 
has submitted recommendations concerning the 
economical compositions and disposition of 
protective barriers and devices for both scat- 
tered and direct radiation. 

In contrast to the several outstanding 
improvements in film processing during the 
previous year, there has been only one during 
the present vear. Replenishers that increase the 
life of X-ray developer with a considerable sav- 
ing in cost have been presented to the trade. 

X-ray technique and sensitivity has been 
subject to further refinements. The effect of 
secondary radiation upon the quality of the 
negative is one of the serious problems in indus- 
trial radiography. Lead screens appreciably 
reduce the amount of this undesirable radiation. 

Industrial laboratories are always seeking 
opportunities to increase the sensitivity of the 
X-ray method. It has been reported that a 
sensitivity of 0.5° has been maintained in the 
commercial inspection of steel crankshafts with 
bearing sections 2 in. thick. A very extensive 
investigation by H. H. Lester of Watertown 
Arsenal has shown that in steel sections up to 
3 in. thick, a sensitivity of 1° or less is generally 
obtained. Data on the effect of focal distance 
and secondary radiation on sensitivity and 
image delineation have been presented. 
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Electron Diffraction 


an indispensable tool of research 


By Lester H. Germer 
Bell Teleph ne Lab. ratories 


New York City 


| Reed YEAR in this journal 1 compared very 

briefly the diffraction of electrons with the 
diffraction of X-rays, and contrasted the uses in 
the field of metallurgy to which these two phe- 
nomena have been put. I pointed out the slight 
penetrating power of electrons, and the conse- 
quent application of electron diffraction to the 
investigation of the structure of thin films and 
surface layers in much the same way that X-rays 
are used to study the structure of metals in bulk. 

Electron diffraction methods have not yet 
been taken over whole-heartedly by metallur- 
gists, and I stated last year that researches in 
this field “have not vet 
proven of indispensable 
value” to those interested 
primarily in metals. Noth- 
ing at all, except those 
things that are necessary in 
order for life to exist, are 
actually indispensable; but 
the word “indispensable” 
can perhaps be applied to a 
tool or to a method which 
yields information not 
obtainable in any other 
way, and which at the same 
time has an immediate 
practical application, or at 
least satisfies an urgent 
demand. From the very 
first discovery of electron 
diffraction this method of 
investigation has given 
metallurgical information 
which could be obtained in 
no other way, but even last 
year the demand for this 
information was not such 


as to justify describing electron diffraction as 


“indispensable” to metallurgy. 


lems, point out developments which can be 
confidently expected in the near future, and 
speculate regarding an application which may 
be made in the coming years. 

The branch of metallurgy in which electron 
diffraction methods are proving really indis- 
pensable, and that perhaps during only the last 
year, is the investigation of corrosion of metals 
and alloys by atmospheric gases at ambient and 
at elevated temperatures, and by various 
reagents under varied conditions. Much of this 
work is unpublished and is being carried out 
for commercial purposes. The successes already 
achieved are considerable and it appears that 
the future development will be very great, 
although the experimenters at present are few. 

In the near future electron diffraction meth- 
ods will compete effectively with X-rays in 
investigations of bulk materials. One can pre- 
dict confidently that phase diagrams in alloys, 
and super-structures in 
atomic lattices, will be stud- 
ied by electron diffraction. 
In these fields the slight 
penetrating power of elec- 
trons appears scarcely to be 
an advantage, but the 
extremely short electron 
wave-length gives high 
resolving power which is 
sometimes desirable, and 
the difference in experi- 
mental technique between 
the use of X-rays and the 
use of electrons often favors 
the latter. 

Looking toward the 
future in a more specula- 
tive mood one wonders 
whether electron diffraction 
will not soon be a satisfac- 
tory tool for determining 
the arrangement of single 
layers of atoms upon solid 
surfaces. (One thinks at 
once of photoelectric cells 
and of chemical catalysis.) That this develop- 
ment is not at all improbable is evidenced by 


al 

ih During this year I consider that the situa- the fact that a number of successful determina- 
i tion has changed. Applications of electron tions have been made of the arrangement of 
| diffraction have been extended to metallurgical single layers of organic molecules. The study 
4 . . 
4 problems of a practical nature in such a way of smaller molecules and of atoms is more diffi- 
i that the method can now be considered defi- cult, but a determined effort is being made to 
al nitely indispensable to the science of metallurgy. develop electron diffraction methods sensitive 
I shall very briefly mention one of these prob- to still smaller amounts of material. 
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There'll be a brand-new feature at the National Metal Show this fall—a Micromax Pyrometer, 


speaking for itself, telling how it does today’s outstanding job of temperature control. 


Whether or not you have a specific control problem in mind, we suggest that you see and hear this 
Micromax demonstration. It will give you some useful temperature-control facts—certainly useful tor 
the future—perhaps useful now! And it’s a novel presentation—something you can’t see in your ofhce- 


the kind you'd like to see more of at the Show. 


OUR BOOTH 18 J-313 


LEEDS & NORTHRUP COMPANY, 4927 STENTON AVE., PHILA., PA. 


LEEDS NORTHRUP 


HEAT-TREATING FURNACES 


MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS 


Ad N-33(35) 
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Exposure Chart for Radiography of Steel 


By Herbert R. Isenburger 


St. John X-Ray Service, Inc., Long Island City, N. Y. 


TIYHESE DIAGRAMS are based on the following 

combination: Pulsating direct current tension 
generating equipment; line focus, grid action X-ray 
tube; high speed industrial intensifying screens; 
blue base safety film; 5 min. development at 65° F.; 
film density 0.7. 

A solution is shown of this problem: “Find 
the correct exposure on 17-in. film at 36-in. focus- 
film distance for 3-in. boiler plate of density 7.85 
using 220,000 volts and 8 milliamperes.” 

To compute the exposure factor at the ends of 
films of various lengths and at different focus-film 
distances, the factors shown in the table are multi- 
plied by the actual density of the steel. In this 
example the factor 1.027 is located in the column 
for 36-in. focus-film in the line for 17-in. film. 
Multiply 1.027 by 7.85, the density of the steel to 
be radiographed, and the exposure factor is 8.1. 


Find intersection of 8.1 with 3-in. line on Chart 
| (Point A), project upward to voltage of tube 
(Point B on 220,000-volt line in Chart I]). Adjust 
Chart III so that Point C (corresponding to 36-in. 
focus-film distance and 8 milliamperes) is opposite 
Point B, and exposure time is read on central scale 
against arrow: 13% min. 

Scattered radiation must be filtered to get sharp 
definition above 250,000 volts, and the use of such 
fillers requires increased exposure times as follows: 
10% for 12 to 2 in. of steel, 20% for 2 to 3 in., 40% 
for 3 to 4 in., and 50% above 4 in. For instance, 
suppose the conditions in the above problem remain 
the same, except a 300,000-volt source is to be used. 
Adjust Point C opposite Point D and exposure time 
is found to be 3% min. without filter, which, 
increased 20°, comes to 4.2 min. 


Table of Exposure Factors 
Length | Focus Film Distance 


1000 of Film | 20; 
12 in 56 in = 
Bin. | 1.031 | 1.008 | 1.006 | 1.003 | 1.000 
@ | — | 1010 1.006 \ 1.000 
© | 10 — | 7022 | 1.016 | 1.009 | 1.000 
400 — | 1028) 1.019 | 1.071 | 1000 
£ 12 — | 1023) 1.018 | 1.004 
| — | | 2087) 1.079 | 1.006 
— — | — |4022 
/00 
&O 
60 
60 
© 50 
30+ 3 
© 
S 20 20 125 
= < 168 
2 
7 4 e 
24 
32 
~ 
é } JE 
Chart Ii 40 w 
{To Be Movable pr 3 
0 4 Vertically 52 ty 
2.6 F+—4 XN] 4 20 086 4 2 / 
6.6 Sh Exposure Time in Minutes 
WW fa} , 2 z be Used with Chart 


Thickness of Stee/ in inches 
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THE PRODUCT 


FOXBORO METAL SHOW RECORD 


Booth K-305 Will Be 
Instrument Headquarters 
For up-to-the-minute information on 
problems of pyrometry, temperature con- 
trol and other fields of instrument service, 


stop in at Booth K-305 at the National 
| Metal Show. The following Foxboro men 
will be on hand to discuss recent instru- 
ment progress that makes new savings 
possible in your plant: J. J. Burnett, M. A. 
Schreiner, J. C. Fryer, O. R. Prescott, 
|Horn, C. E. Hellenberg, E. R. Huckman, 
|A. B. Bates, H. L. Lee. 


New Recorder-Controller 
Assures Unified Accuracy 


In the new Foxboro Indicating Record- 
ing Controlling Pyrometer, the slide-wire 
contact, recording pen and control actu- 
ating mechanism all operate as a single 
integral unit. The slightest change in 
‘measurement must produce a correspond- 
ing movement of the record and control 


system. The unique “roller motion” bal- 
| ancing mechanism gives fast movement of 
ithe recording device without fast driving 
of the mechanism. 

You'll be surprised to see how simple 
this triple-task instrument really is. Gad- 
get-free, it still outperforms the field 
Don’t miss learning more about it. (Fox- 
| boro Bulletin 7635) 


Recording Pyrometer 
Has Improved Features 


Foxboro’s new potentiometer recording 


pyrometer already has now proved its pre- | 


cision and trouble-free operating charac- 
teristics In rigorous service at leading 
plants. At the Foxboro booth, you can see 
the features that account for its perform- 
ance record: Integral mounting of slide- 
wire contact and recording device elimi- 


due to gear backlash or pulley slippage 


corded on the wide-spaced, 12-inch, legible 
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stant all across the scale. The entire unit 
has been engineered to be sensitive with- 
out being delicate. (Foxboro Bulletin 
190-3 ) 


Portable Indicating Pyrometer 
Offers New Convenience 


For temperature exploration, for check- 
ing service instruments, for laboratory and 
pilot-plant work, and as an emergency 
replacement unit... the new Foxboro 
Portable Indicating Potentiometer Py- 
rometer gives great convenience with com 
plete assurance as to results. The scale ts 
17 in. long, with an easily read vermier dial. 


Ruggedly built and enclosed in a dust- 
tight welded aluminum case, the unit may 
be operated horizontally or vertically with 
equal accuracy. Look it over at the Show 


{ Foxboro Bullet 763 


Complete Line of Foxboro 
Potentiometer Controllers 


nates all possibility of “transmission error” 


The slightest pointer movement is de- 
tected and the temperature change re- 


chart. A self-compensating slide wire sys- 
tem keeps galvanometer sensitivity con- 


Today, with automatic temperature con- 
trol being applied to more and more spe 
cialized applications, you'll need the un 
biased advice of an organization offering 
a complete line of these instruments. Fox 
boro offers both throttling and open- 


and-shut types. Controllers designed for 
electrical operation are made with both 
mercury switch and intermittent, brush 
type contacts. Other models utilize air 
operated valves. As companion units to 
its potentiometer controllers, Foxhoro also 
offers automatic controllers of the electri 
resistance thermometer type Foxboro 
representatives at the Show will be glad 
to discuss with you the type best fitted 
to your needs. (Foxboro Bulletin 202-3 
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Know Your Metal 


“ERICHSEN STANDARD” 


SHEET METAL TESTING MACHINE 
Standard the World Over 


For Determination of the Drawing, Stamping, 
Compressive and Folding Qualities, the 


“WORKABILITY” 
OF SHEET METALS 


When you visit the Metal Exposition see Claud Gordon, 
Booth A-113, for the many advantages of this machine 


The Bock Machine Co. 


3622 Colerain Ave. Cincinnati, Ohio 


(Announcement 


The New Model 


Rockwell-Bristol 


DILATOMETER 


of the 


Stanley P. Rockwell Company 
Hartford, Connecticut 


will be exhibited 
at the booth of 


THE BRISTOL COMPANY 


Waterbury, Connecticut 
BOOTH L-325 


SA 


>> 


PYRO 


=== THE SIMPLIFIED = 
OPTICAL PYROMETER 


YOU CANNOT AFFORD 
NOT TO OWN ONE! 


Because it eliminates guesswork, waste and 
spuilage; it pays for it«lf quickly. PYRO ig 
a self-contained, DIRECT READING, sturdy 
unit made to stand rough use but it is abso- 
lutely accurate and dependable. 

Unique construction enables operator to 
rupidly determine te nperature even on 
minute spots, fast moving objects, or small- 
est streams; no correction Carts, no acces- 
series, no maintenance expense Special 
“FOUNDRY TYPE” has, in addition to its 
standard calibrated range, a red correction 
scale determining TRUE SPOUT and POUR- 
ING TEMPERATURES of molten iron and 
steel when measured in the open. 

Stock ranges 1400° F, to 5500° F, 


PYRO RADIATION PYROMETER 


The idea! instrument for Furnace, Kiln or 
Steel treating, ete. Gives ac.ual heat of 
material aside 
from furnace 
temperature. 


Does not re- 
quire a skilled 


operator — strictly 
automatic Eliminates personal errors Al- 
ways ready to tell within a few seconds any 
shortcomings in vour equipment, Stock 


Ranges 1000° to 3600° F. 
Write for special bulletins. 


The Pyrometer Instrument Co. 


107-109 Lafayette St.. New N. 


See our exhibit, J-331, National Metal Exposition, 
hicago. 


Metallographic Technique 
For Steel 


By J. R. VILELLA 


This book was written with the aim of show- 
ing exactly how structures of steel are affected 
by the various operations involved in the 
metallographic process. The 85 pages of the 
book contain 90 striking reproductions of 
photomicrographs. 
sults of correct and incorrect technique are 
shown side by side. Underlying principles are 
discussed in terms understandable to all and 
hints and suggestions are offered which can be 
put into practice without the necessity of spe- 
cial equipment or unusual skill. 


85 Pages, 6 x 9—Red Cloth Binding 


The American Society for Metals 


7016 Euclid Avenue 
Cleveland, Ohio 


In many instances, the re- 


$2.00 
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AT BOOTH 
J 332 


American Society 
for Metals Show 


A RADIO IMPULSE 
DOES THE WORK 


CGO WrheeleosNEW APPLICATIONS 


of the “RADIO PRINCIPLE” 


Industry’s unanimous acceptance of the “RADIO PRINCIPLE” 
and its instantaneous control action has been a constant urge for 
development and research into new fields of application. The 
“RADIO PRINCIPLE” has become acknowledged as the means 
of better control where the present day hair-splitting accuracies 
in production are paramount. Although originally designed for 
the sole purpose of greatly advancing the standard of tempera- 
ture control, industry has volunteered the introduction of this 
instantaneous principle to such as jam-up prevention on rapid 
fire punch press operation, conveyor belt speed control, special 
watimeter control and innumerable other unusual applications. 
Learn how you can benefit from the Wheelco “RADIO PRINCIPLE” 
through increased production, lower costs and an improved prod- 
uct. Be sure to see the New Wheelco Potentiometer, Industrial 
Indicating Control Thermometer, Recording Controller, Rheotrol, 
the time-proved Capacitrol, Flame-otrol and Limitrol. They will 
all be at the show. If you do not plan to attend—write for a copy 
of the Wheelco catalog. 


Wheelcoa Justiuments Ca. 


1929-33 S. Halsted St. - - - Chicago 
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Bethlehem Omega Tool Steel is made especially for 
shock-resisting parts that require a combination of 
hardness and toughness. Although it is primarily an oil- 
hardening steel, simple sections made of Omega may be 
very satisfactorily quenched in water. 

For pneumatic chisels made of Bethlehem Omega 


Tool Steel, the recommended procedure is as follows: 


Turn the shank from an annealed bar. Heat slowly 
to approximately 1800 to 1900 deg. F. and forge the 
cutting edge. Cool slowly. Heat the entire chisel to 
between 1600 and 1650 deg. F. and quench in oil. 
Temper to obtain a Scleroscope hardness of about 55, 
(approximately C43 Rockwell) throughout. Grind the 
shank to finish dimensions. Heat the thin cutting end of 
the tool to between 1600 and 1625 deg. F. for about 
3 inches and quench the entire chisel in oil. If water is 
used, the quenching temperature should be about 
1500 deg. F. Temper the entire chisel immediately at 
450 to 550 deg. F. 

In addition to its use in pneumatic chisels, Bethle- 
hem Omega finds wide application in shear blades, 
calking tools, rivet sets, beading tools, punches, and 
for all uses where light or heavy loads are subjected to 


drastic and repeated impact at normal temperatures. 


BETHLEHEM 


Shock-resisting 
silico-manganese-molybdenum-vanadium 


alloy steel 


BETHLEHEM STEEL COMPANY. 
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METAL PROGRESS 


AND IRONS 


Engineering Steels, by Frank P. Gilligan 
Grain Size, by Martin Seyt 
Toolsteels, by James P. Gill 
Hard Cemented Carbides, by Gregory Comstock 
Plastics Versus Metal, Particularly Sheet Metal, by Motor Observer 
Sheets and Sheet Mills, by J. Hunter Nead 
Cold Finished Steels, by E. L. McReynoids 
Progress in Basic Openhearth, by W. J. Reagan 
Refining Methods, by John Chipman 
Bessemer Steel, by H. W. Graham ' 
Developments in the Pouring Pit, by Gilbert Soler 
Castings: Low Alloy Steels, by C. E. Sims 
Gray Iron, by A. C. Denison 
Malleable Iron, by Harry A. Schwartz 
Alloy Cast Irons, by Garnet P. Phillips 
Data Sheets: Standard Grain Sizes for Steels 
Classification of American Toolsteels 440), 
Identification of Inclusions 
Rating of Inclusions (“Dirt Chart”) 
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SPECIFYING FOR 
DEPENDABILITY PLUS 


Failure in the motor crankshaft of a piece of fire fight- 
ing equipment may mean the difference between a 
small fire and alarge one, even between life and death. 

That is why a leading manufacturer chooses 
Chrome-Molybdenum (SAE 4140) steel for this vital 
part. It has the requisite strength and toughness. And, 
most important, it has good fatigue strength to meet the 
continually alternating loads which are characteristic 
of crankshaft service. 

Furthermore, the uniform response of this steel to 


heat treatment assures the consistent qualities essen- 
tial in volume production, while its comparative inex- 
pensiveness and ready machineability in the heat 
treated condition keep costs down. 

Re-checking your own specifications may disclose 
opportunities for increasing dependability at little or 
no added cost by the use of Molybdenum steels. Our 
book, “Molybdenum in Steel”, will help you find them. 


It is sent free to interested production executives and 


engineers on request. 


Visit our booth, L-334, at the Nationa! Metal Exposition, October 23-27, in Chicago. 


PRODUCERS OF 


500 Fifth Ave 


MOLYBDENUM BRIQUETTES, FERRO-MOLYBDENUM, AND CALCIUM MOLYBDATE 
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Alloy Steels, Toolsteels, 


Carbon Steels, Castings 


Engineering Steels 


By Frank P. Gilligan 
Past-President 
Secretary- Treasurer, Henry Souther Engineering Co 
lartford, (Conn 


ISRAELI wrote: “Variety is the mother of 

enjoyment”, and Cowper that “variety’s 
the spice of life’. If they were right in their 
interpretations, then the metallurgical observer 
of 1939 might reasonably conclude the Ameri- 
‘an fine steel industry was leading a spicy but 
enjoyable life despite the paucity of profits. Its 
numerous varieties of compositions are becom- 
ing more and more multitudinous as they 
respond to the impact of grain size and harden- 
ability specifications. 

An eminent production executive assured 
us a few years ago that the steels of the current 
period are tailor made. Notwithstanding this 
sartorial perfection, official Washington gazes 
at the steel industry in a psychological cloud 
that is a hang-over from pre-war (1914 to 1918) 
days and threatens summary action because of 
the apparent absence of competition, oblivious 
of the fact that the research laboratories of both 
steel and alloy producers are providing stren- 
uous, persistent and effective competition 
through improvements in quality controls. 

The progress made possible by this 
research is translated into lower production 
costs in the customers’ plants, and each steel 
and alloy producer hopes thereby to obtain an 


increasing share of the total volume of sales. 
The automobile industry is the outstanding 
exemplar of mass production, and it is in such 
plants that the fruits of this contest between the 
various mills and the various types of steel are 
most evident. For example, for many years the 
‘arbon-manganese (S.A.E. 1300) group of steels 
has been nibbling at the market originally 
belonging to the S.A.E. 3100, 4100 and 5100 
steels, owing to the lower extra applying to 
this steel and to the attractive physical proper- 
ties it offered. Persistent and successful efforts 
have been made to improve its uniformity of 
quality and physical characteristics. 

Further advances seem probable for the 
near future. One of the most promising depends 
upon improved deoxidation practices. One 
process utilizes a deoxidizer containing vana- 
dium, titanium and aluminum in chemical 
combination (“grainal”’), the treatment being 
applicable to the individual ingots. Another 
process uses silicon, aluminum, vanadium and 
zirconium (“silvaz”’). Considerable tonnage 
material has been processed with the first of 
these deoxidizers for actual production appli- 
‘ations and to develop service experience. The 
static and dynamic test properties after heat 
treatment are intriguing. Improvement is 
attributed to the elimination of oxides and 
gases, as the residual alloy content is slight. As 
this “deluxe” carbon-manganese steel carries 
an extra that is substantially below those for 
the S.A.E. 3100, 4100 and 5100 steels — the com- 
peting alloy types—-the coming months may 
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reveal further nibbling of the sales volume of 
these alloys. 

All this does not mean that the long estab- 
lished S.A.E. alloy types are soon to be dis- 
placed by steels with lower alloy contents or by 
specially processed carbon steel grades. It 
does mean, however, that we shall have more 
varieties of steel before we have fewer — unless 
Mr. Hitler, unknowingly and vicariously, does 
for our steel business, by 
totalitarian methods, what it 
has not thus far been able to 
do for itself. It would be a 
serious mistake to lessen the 
varieties precipitously and by 
mandate rather than by evolu- 
tion and the normal economic 
processes. 

The basic S.A.E. steel 
compositions will continue to 
provide the metallurgical 
foundation in all those indus- 
tries that utilize heat treat- 
ments in their production 
routine. The majority of 
users dislike having too many 
steels on their approved list, 
and where mass production methods are not 
utilized to the utmost, the steel user is slow to 
change, and will continue to use S.A.E. 3250 or 
some other S.A.E. composition for certain of his 
parts simply because he has been using it for the 


last 20 vears with success and does not consider 


the estimated economies with a different steel 
warrant the risk of change. In other words, the 
great mass of steel users do not move with the 
celerity of the automobile producer. Not only 
are they more conservative, but they lack the 
volume that makes a slight change in metal cost 
so attractive. 

The effort to make the road of the machine 
shop smoother (and more slippery) with lead 
additions has been successful in numerous 
applications, Nevertheless, enthusiasm for 
leaded alloy steels is not noticeable, and the 
coming year will probably find lead additions 
restricted more or less to the free cutting steels 
and to screw machine parts made of the lower 
carbon S.A.E. 1000 series. 

In molybdenum steels, the alloy is being 
added in the form of molybdenum sulphide, with 
beneficial results from a machining standpoint 
and at no extra cost. More experience will be 
required in actual production before one can be 
sure the apparent benefits are not paid for indi- 


rectly in some sacrifice of essential physical 
properties. 

These machining tests with leaded and 
other types of free cutting steels may yield 
industry unanticipated dividends. Some plants 
outside the automotive field have learned that 
their available equipment does not enable them 
to obtain the maximum machinability rates 
from the regular free cutting grades; conse- 
quently, when industry regains 
its confidence the domestic 
machine tool builder should 
find an increased demand for 
those tools that promote lower 
machining costs. 

Hardenability (“Jominabil- 
ity’) bids fair to become the 
newest factor in the purchase 
order of the steel consumer of 
1910. While grain size control 
is now more or less general, the 
hardenability test is to 
have a thorough try-out in 
practically all plants where 
metallurgical control an 
important factor in the produc- 
tion system. 

We shall, therefore, probably have a very 
active “social season” the coming year, as the 
steel mill metallurgist endeavors to enlighten 
the metallurgist, the purchasing agent, and the 
steel treater as to the proper procedure for 
hardenability tests. How simple and happy 
seem the days of hot acid etch, as compared 
with these days of magnaflux and Jominability! 


Grain Size 


By Martin Sey! 


letragona! attic Industries. Ine 


UR BUSINESS is to manufacture tetragonal 
lattices to fill three-dimensional space 
(plug!) so we were non-plussed by a request to 
fill quadragonal space in Mera ProGress on the 
subject of the future of grain size. We there- 
fore referred the matter to our capable office 
assistant, a shapely Young Thing who recently 
won the title “Miss Pre-Vision of 1939". Con- 
sulting the Occult Crystal Sphere (made of 
Cr-Ni-V-Mo-W steel, grain size 2 to 7), she came 
across with the following: 
“IT seem to see a considerable number of 
hairy apes — no — they’re——ah—TI see now, 
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they are metallurgists. They are congregated 
around a pile of jumbled articles — let me see 
oh, it is a mound of crankshafts, microscopes, 
polishing cloth, A.S.T.M. grain size standards, 
and steering knuckles, all drenched with alco- 
holic picric acid. They are digging —- digging 
- digging what's that? At the bottom of the 
pile is Information —- no —- two Informations 
no —no—three Informations. Put a little 
Canada Dry ginger ale in mine — no, I'll take it 
straight — we’re coming to the hard part. 
“Ah, that’s better! 
“Information No. 1: Most of the hairy a... 
the metallurgists — have in the past thought 
that aluminum oxide was the only thing to con- 
sider in restricting grain growth — in the future 
the action of carbides particularly in high-car- 
bon steels and other compounds will receive 
more of the quantitative study lavished so 
richly in the past on aluminum alone. 
“Information No, 2: I said this last vear in 
winning my present title (isn’t it a nice silver 
loving-cup, boys? — fill it up again, you rats) 
there will be a beautiful campaign to study 
more quantitatively the relationship between 
grain size and hardenability; quantitative data 
are all too meager, and I see a big crowd gath- 
ered around the diggers—-the crowd has a 
‘lean and hungry look’ — they're the fabrica- 
tors and engineers who wait for Information 
while the hairy metallurgists theorize about 
atoms or attend conc ....—- cone ....— con- 
claves. That’s it--the crowd is about to 
konk the diggers on their skulls unless the 
information is forthcoming. And now, ah, 
what's this —- I see a frenzy of activity — they're 
all crowded around 
“Information No. 3, so it’s a bit hazy, but 
it looks like ‘Campaign of the Future’ is 
yes —it’s an opera, scored for strings (tem- 
pered steel wire), kettle drums (look like lead 
pots for heat treating), harps (alloy cast iron 
frame) and French horns (Osmond-Chatelier 
type). The theme is a campaign in which 
Baron Inherent arrived on the scene early, and 
almost took away the Princess, the incompa- 
rably lovely Graina Siza; but the hero, Count 
Properly, awakes from his deep sleep just in 
time, and in a mighty Agenda (in which the 
great chorus joins) saves the Princess so that 
she may wisely and justly rule her people, who 
ever after consider her numerous name-sakes, 
grain sizes, as fascinating and ever-changing 
tools to be devoted to the service of mankind. 
“Take it away, boys.” 


Toolsteels 


By James P. Gill 
President-Elect S and Metallurgis! 
Vanadium Alloys Stee! ( Ae) | atrobe Pa 


T IS NOT EASY to describe the advances that 

have taken place in the metallurgy of tool- 
steels within the last year, since such advances 
are made up of a great number of small 
changes, none of which considered individually 
would be particularly significant. Llowever, 
they have gone forward on all fronts, including 
improvements in methods of manufacture, in 
composition, and in heat treatment. 

Manufacturers have always been faced with 
difficulties in preventing decarburization of hot 
rolled bars, a problem which during the last 
several years has neared solution. This is of 
considerable economic importance to the tool 
manufacturer, since it decreases the amount of 
material that must be removed from the surface 
of hot rolled bars. Manufacturers have con- 
tinued to improve the uniformity of carbon 
toolsteels so that such materials are obtainable 
which will harden with any one of several case 
depths yet have a grain size No. 9 or finer. 

The introduction of new compositions as 
well as slight changes in the composition of the 
older types of toolsteels continues. Small 
amounts of molybdenum have been added to a 
number of die steels to obtain greater ease in 
hardening. Molybdenum has proven particu- 
larly valuable as an alloying element in such 
steels as it permits an increase in the size of 
tools and dies that can be made of oil and air 
hardening analyses. Die steels of the composi- 
tion characterized by about 5° chromium and 
1% molybdenum, which can be satisfactorily 
hardened by cooling in still air in comparatively 
large sections, have continued to increase in 
popularity; the grade with about 0.30% carbon 
is generally used for hot work and the grade 
with about 1% carbon for cold work. 

It is in the field of high speed steels that 
introductions of new compositions have con- 
tinued in greater number than all the others 
combined. Possibly the two most outstanding 
developments in compositions within the last 
year have been an 8% molybdenum high speed 
steel containing no tungsten, about 4° vana- 
dium and 114% carbon, which has shown 
remarkable resistance to wear. The other type 
of high speed steel has been one characterized 
by both tungsten and molybdenum in about 
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equal amounts, usually from 4 to 6°, with the 
usual amounts of chromium and vanadium. 

Most of the progress in the heat treatment 
of toolsteels continues to be motivated by the 
desire to protect the surface of the tool during 
heating operations to prevent not only carbu- 
rization or decarburization but also to produce 
a bright finish. Several new types of salts have 
been introduced for which considerable claims 
have been made, and there has been at least 
one new type of furnace using a radically dif- 
ferent atmosphere. 

It is easy to be badly mistaken in attempt- 
ing to foretell what the immediate advances 
may be in any field of technology, but within 
the field of toolsteels the progress that is to be 
made during the next several years is likely to 
follow about the same pattern of steady prog- 
ress we have seen during the last year or two. 


Hard Cemented Carbides 


By Gregory Comstock 
Metallurgical Consultant, New York City 


PURING the past twelve months, the follow- 
ing appears to summarize activity in the 
field of hard cemented carbides: 

This period may be generally described as 
having been one of consolidation. 

American manufacturers of these materials 
have generally reviewed their production pro- 
cedure from raw material to finished product, 
have taken the necessary steps to provide ade- 
quately for increased quantity production on as 
economic a basis as possible, and have other- 
wise prepared themselves for the larger appli- 
‘ation of these tool and die materials in 
quantities more nearly approximating their 
European usage. 

Uses of the hard cemented carbides in their 
present forms have now been quite generally 
established. Their place in the industrial 
scheme is fortunately no longer a matter of 
expensive exploration and conjecture. Certain 
applications are naturally more decisively 
advantageous for the present forms of 
cemented carbides than are others. One of 
their greatest possibilities —the machining of 
steel — has presented the greatest difficulty, and 
still is the major objective of research and 
development. For this use the trend has been 
toward the incorporation of varying amounts 
of titanium carbide with the basic tungsten 
carbide and cobalt compositions. Tantalum 


carbide has been similarly employed. Results 
of such modified mixtures have been distinctly 
encouraging, and the general usefulness of the 
hard cemented carbides has been considerably 
augmented by the knowledge accumulated. The 
more recent developments appear to indicate 
that minor amounts of these additives are more 
desirable than their presence as major con- 
stituents of steel cutting compositions. 

There apparently exists a difference of 
opinion as to the mechanics involved in the 
incorporation of titanium carbide with tungsten 
carbide (and the auxiliary binding materials of 
this type of sintered products). One school of 
thought advocates the formation of definite 
compounds such as WTiC.,; another the 
development of a “mixed crystal” of the hard 
components—the name deriving from the 
misch-kristall of German parlance. The point 
appears to be rather an important one from the 
patent, development and production view- 
points, and its establishment is anticipated in 
the relatively near future. 

Future developments present, as always, 
an intensely interesting and potentially impor- 
tant field of speculation. All the present forms 
of these products are primarily based on the 
strength, hardness and highly metallic charac- 
teristics of the carbide of tungsten and _ its 
capacity for being cemented in a_ thermally 
stable alloy matrix. A decade of the most 
intensive experimentation has not materially 
changed this conception nor basically altered 
the final products, although the technique of 
their production and the use of what might be 
‘alled alloying additives have most certainly 
contributed greatly to practical applications. 

Increased general use and industrial 
development of the processes of powder metal- 
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lurgy in other and quite different fields, and the 
new knowledge of the possibilities which it 
demonstrably presents for new departures 
from established metallurgical procedure, may 
contribute something to the future develop- 
ment of the hard cemented carbides. Indeed it 
would be strange if this did not occur! It is felt 
that these developments may quite reasonably 
result in the ultimate appearance of new types 
of super-tool, super-die and super-cutlery mate- 
rials which lie within a field intermediate 
between the cast materials and the hard 
cemented carbides as we know them in their 
present forms today. This also is a major 


objective in current research. 


Plastics Versus Metal 


particularly sheet metal 


By Motor Observer 
Detroit Mich 


BPERHAPS one of the most dramatic phases 

of progressive engineering is the never- 
ending competition between different forms of 
materials. And in this respect automotive 
circles have been watching with interest the 
current developments in plastics which promise 
to provide keen competition for sheet metal in 
applications where stampings have heretofore 
had a logical and undisputed sway. 

Up to the present time the automotive field 
has enjoyed the fruits of plastics develop- 
ments primarily in decorative effects, although 
recently certain types of transparent plastics 
such as clear “lucite” and various pigmented 
materials have been replacing the red or amber 
glass in tail-lamps, while clear substances have 
replaced glass in instrument panels on a rather 
broad scale. 

Too, there have been several outstanding 
examples of plastic castings replacing sheet 
metal assemblies. Most interesting was the 
large “bakelite” instrument housing, of approxi- 
mate cylindrical form, used by Oldsmobile in 
1938. Several passenger car builders have used 
large or small plastic sections in instrument 
panels, in some cases replacing corresponding 
sheet metal sections. Latest practice, however, 
as exemplified by Packard, is to use large sec- 
tions of plastics —even comprising the entire 
panel — strengthened and supported by a sheet 
metal back. 

Particularly during the past year, there 


has been a persistent development of special 
plastic compositions employing various types 
of synthetic resins, intended to replace sheet 
metal in parts where structural strength rather 
than decorative appearance is of prime impor- 
tance. For many years there has been a hushed 
discussion of the possibility that entire automo- 
bile bodies may be so fabricated. None of the 
early experiments had much practical value, 
and even today there is considerable skepti- 
cism as to its desirability or practicability. 

Confidential reports now appear to indicate 
the availability of new plastic compositions 
possessing thermo-setting properties which 
promise high tensile strength, freedom from 
ordinary brittleness, and unusually good elas- 
tic properties. It is even rumored that one 
prominent manufacturer proposes to make cer- 
tain large sheet metal panels — such as a trunk 
lid or hood top panel — from a unique plastic 
formula. If and when this is accomplished, 
perhaps even in 1940, such plastic sections will 
be unobtrusive, finished in body color. 

In other fields such as household acces- 
sories, small radio cabinets, bottle closures, and 
innumerable gadgets, plastics are no novelty, 
and many times are used instead of sheet metal. 
But in automotive construction where every 
portion of the structure, both exterior and 
interior, is subject to the ravages of the weather 
and to extraordinary abuse, encroachment of 
plastics as a metal-replacing medium has been 
a very gradual process. 


Metal Progress; Page 438 


— 
| 
| 
a 


So far as one can see at the moment, plas- 
tics cannot offer serious curtailment in the use 
of sheet metal for panels and assemblies until 
the present pioneering effort has been consum- 
mated. Everyone concerned will watch with 
close interest the first application of plastics to 
body construction, since any successful service 
and production history is bound to have far- 
reaching implications. 

It may be said, finally, that the recent spo- 
radic discussions of experimental structural 
plastic applications both in the United States 
and abroad cannot be given the same impor- 
tance as the actual production applications 
which apparently are in the offing. 


Sheets and Sheet Mills 
By J. Hunter Nead 


Chief Metallurgist, Inland Steel Co 
East Chicaa: ». Ind. 


it WOULD PROBABLY be redundant to 

dwell on the development of the wide con- 
tinuous hot and cold strip mills; so much has 
been written about the subject already. After 
the initial bold idea of rolling strip steel was 
put into practice, the development of these mills 
is principally a record of mechanical and elec- 
trical achievement. The greatest incentive 
toward wider sheets was probably the demands 
of the automobile industry, which was and still 
is in a highly competitive condition. The 
yearly change of car models, with the demands 
for sheets of better and better drawing quality 
to meet the requirements of streamlining, and 
for larger sheets so that fabricating operations 
could be reduced in number and cost, has been 
the principal driving force. 

At the present time sheets up to 98 in. wide 
have been made possible by the construction of 
suitable mills. In other words, one of the prin- 
cipal demands of the buyer, that for size, is 
very close to being satisfied by the mills at 
present. 

Mechanically, also, the present sheets are 
meeting close tolerances in the essentials of 
gage, weight, length, and width. The type of 
sheet surface is also mechanically regulated to 
suit the requirements of any particular job, be 
it a smooth bright surface for tinning, matte 
surface for enameling, or a dulled surface for 
certain types of deep drawing. It may be said 
here that the development of dulled or blasted 


surface rolls, with which a dull surface is 
imprinted on the sheet, has been one of the 
most important in the strip industry. 

The problem of furnishing sheets of suffi- 
ciently high quality to meet the increasing 
demands of modern designing, however, 
remains. At present and from now on the pres- 
sure and development in sheet and strip mills, 
we believe, will be principally in the auxiliary 
mill equipment and processes (such as anneal- 
ing) and the production of special steels and 
specially processed sheets to meet the demand 
for increased quality. 

Auxiliary equipment which is undergoing 
changes and in which further development is 
imperative includes annealing equipment and 
processes, the production and maintenance of 
correct furnace atmospheres, production of uni- 
form deoxidizing gases, and the development of 
uniform annealed properties and structures in 
the wide sheets being used at present. 

In the beginning of modern sheet and strip 
mills, gas-fired and oil-fired batch, pit and tun- 
nel furnaces were standard. One of the latest 
developments in the past few years has been the 
portable, gas-fired radiant tube, annealing cov- 
ers. These have added considerably to the 
flexibility and efficiency of operation as well as 
doing good, uniform annealing. General Elec- 
tric’s bell type furnaces have been applied to 
annealing of strip coils at some plants, provid- 
ing the greatest departure from past methods. 

Bright annealing and normalizing furnaces 
are being experimented with and used with 
varied success. 

While remarkable work is being done with 
the present equipment, there has not been the 
development of annealing and annealing proc- 
esses along quality lines that there possibly 
should have been — certainly not an advance 
comparable to that of the mills proper. 

Until fairly recently the desired deep draw- 
ing quality and good surface sheets were 
obtained within a standard analysis of rimming 
steel of say 0.04 to 0.12% carbon; 0.25 to 0.50% 
manganese; low phosphorus and sulphur and 
low residual alloys. In the past few years the 
“stabilized non-aging” killed steels (essentially 
a higher cost product) which have been 
developed by several producers, have been 
meeting a remarkable degree of success in some 
severe deep drawing operations as well as in 
applications which make full use of the non- 
aging properties. Although these steels do not 
represent anything new in steel making, since 
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Classification of American Toolsteels — I 


Adapted from Tool Steels, by James P. Gill 


General Purpose Carbon Toolsteels 
Water hardening; low wear resistance; high warpage: no red hardness; shallow hardening 


Carbon Silicon Manganese Sulphur Phosphorus Vanadium Common Uses 
0.60-1.25 (a) 0.15-0.50 0.10-0.35 0.03 max. 0.03 max. Note (b) Almost universal; note (c) 
(a) Usually subdivided by 0.10% steps; for instance 0.65-  (c) In lower carbon ranges the steels make shear blades, ham- 
0.75%, 0.75-0.85%, etc. mers, striking dies, rock drills. In medium ranges of carbon, 
(b) Plain carbon steels have no vanadium; carbon-vanadium the steels make chisels, smith’s tools, dies, and cutters for 
tool steels may have from 0.08 to 040% vanadium, machine tools. In the higher ranges of carbon are small 
depending on grade. cutters, wood workers’ tools and cutlery. 


Chromium-Vanadium or Low Chromium Toolsteels 
(Substitutes for carbon tool steels) 
Mostly water hardening; low wear resistance; high warpage; no red hardness; medium deep hardening 


Carbon Silicon Manganese Chromium Vanadium Remarks 
0.50-1.40 0.15-0.50 0.10-0.35 0.10-0.25 ...... Chromium corrects tendency toward soft spots 
0.50-1.40 0.15-0.50 0.10-0.35 More intense hardness 
0.50-1.40 0.15-0.40 0.10-0.35 0.60-1.20 0.10-0.20 Water hardening } ee bo 
0.50-1.40 0.15-0.40 0.40-0.60 0.60-1.20 0.10-0.20 


High Carbon, Low Tungsten Tool and Die Steels 
(Finishing tools for hard steels or non-ferrous alloys) 
Oil hardening; medium wear resistance; medium toughness; low warpage; no red hardness; medium deep hardening 


Vanadium 
Carbon Silicon Manganese Chromium Tungsten (Optional) Remarks 


0.90-1.10 0.20-0.40 0.15-0.30 0.35-0.75 1.50-2.50 0.10-0.25 Water hardening 
1.15-130  0.20-040 0.15-0.30 0.35-0.75 1.50-2.50 0.10-0.25 Oil hardening | more 


Manganese Oil Hardening Die Steels (*‘Non-Deforming”’) 
(General purpose tools and especially dies, punches and broaches) 
Oil hardening; low wear resistance; medium toughness; low warpage; no red hardness; medium deep hardening 


Carbon Silicon Manganese Chromium Tungsten Molybdenum Vanadium Remarks 
0.85-0.95 0.20-0.40 ° 0.10-0.25 More subject to grain growth 
0.85-1.00 0.20-0.40 1.15-1.45 0.30-0.60 030-060  ...... 0.10-0.25 Corrects above, but hardness is lower 
0.85-1.00 0.20-0.40 0.20-0.35 0.10-0.25 Attains highest hardness 
0.90-1.00 0.20-0.40 0.90-1.15 Least susceptible to hardening cracks 


Tungsten Alloy Chisel and Punch Steels 
(Oil hardening steels; shears and battering tools for cold metal; heading dies) 
Medium wear resistance; high toughness; low warpage; medium red hardness; medium deep hardening 


Carbon Tungsten Chromium Vanadium Silicon Remarks 
0.45-0.60 0.75-1.25 ere 1.00-1.50 Good wear resistance but somewhat brittle 
0.45-0.60 1.50-2.00 eee 1.00-1.50 Higher tungsten improves wear resistance 
0.45-0.60 1.00-1.75 Low silicon increases toughness 25% 
0.40-0.55 1.75-2.25 0.75-1.25 0.10-0.30 ..... } 
0.55-0.65 1.75-2.25  0.75-1.25 010-030 ...... { tongh and fine grained 


Tungsten Finishing Toolsteels and Drawing Dies 
(Brittle but intensely hard and keen edges for cutting hard materials) 
Water hardening; medium wear resistance; low toughness; high warpage; no red hardness; deep hardening 


Carbon Tungsten Chromium Remarks 
1.20-1.40 5.00-6.00........ Slightly better wear resistance than lower tungsten) High movement; best for drawing dies 
1.20-1.40 3.00-5.00  ....... Slightly tougher than higher tungsten that must be rehardened after wear 


1.20-1.40 4.00-6.00 0.40-0.80 
1.20-1.40 4.00-6.00 1.00-1.50 { Chromium improves heat treatability and reduces volume change 


Silicon-Manganese Punch and Chisel Steels 
(A water hardening and inexpensive steel for cold cutting) 
Medium wear resistance; medium toughness; medium warpage; medium hot hardness; medium deep hardening 


Carbon Silicon Manganese Chromium Molybdenum Vanadium Remarks 
0.50-0.60 1.80-2.20 Spring steel analysis; all high silicon steels liable 
to soft skin 
0.60-0.75 1.70-2.25 More carbon gives higher hardness 
0.50-0.60 1.75-2.25 0.70-0.90 020-035  ...«... 0.15-0.30 Alloys increase hardenability and refine grain 
0.50-0.60 1.75-2.25 Molybdenum greatly increases hardenability 
0.50-0.60 0.75-1.25 0.35-0.60 0.20-0.40 040-060 ...... Low silicon reduces brittleness and wear resistance 
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Classification of Ameriean Toolsteels — Il 


Adapted from Tool Steels, by James P. Gill 


Carbon 


2.25-2.45 
2.10-2.20 
2.15-2.25 
2.15-2.25 


1.40-1.50 


1.50-1.70 
1.50-1.60 
1.50-1.60 
1.40-1.55 


High Carbon, High Chromium Punch and Die Steels 
(Durable rolls, mandrels, punches, dies and shears for cold work) 
High wear resistance; low toughness; low warpage; high hot hardness; deep hardening, difficultly machinable 


Chromium 


12.00-14.00 
12.00-14.00 
12.00-14.00 
12.00-13.00 


12.00-13.00 


16.50-18.00 
12.00-13.00 
12.00-13.00 
12.00-13.00 


Vanadium 


0.75-1.00 


Molybdenum 


Cobalt 


Nickel 


Remarks 


Oil Hardening Types (“Non-Deforming”) 


Somewhat tougher 
Slightly air hardening; most difficult to machine 
Slightly red hard 


Air Hardening Types (Tougher Than Above; and Deform Less in Hardening) 


ee 0.50-0.60 3.00-4.00 ciate Red hard properties. Good for cutting tools on 
non-ferrous materials 
Liable to harden non-uniformly 
0.80-1.00 
0.80-1.00 0.75-0.90 040-060  ...... Vanadium imparts greater toughness 
0.80-1.00 0.75-090 ...... 0.60-0.80 Most difficult to machine 


Chromium Die Steels for Hot Work 
(Gripper, bending and heading dies for light work up to 600° F.) 


Air or oil hardening; medium wear resistance and toughness; low warpage; medium hot hardness; deep hardening 


Carbon 


0.85-1.00 
0.85-1.00 
0.65-0.75 
0.85-1.00 


Carbon 
0.40-0.50 
0.35-0.45 
0.30-0.40 
0.35-0.40 


Carbon 


0.55-0.75 


0.55-0.75 
0.75-0.85 
0.55-0.75 


0.60-0.85 
0.70-0.90 


0.65-0.80 
0.65-0.80 
0.65-0.80 
0.65-0.80 


Chromium Molybdenum Remarks 

3.75-4.00  ——...... Usually quenched in light air blast 
rer Lower chromium reduces cracks during oil quenching 
Oil quenching (lower carbon) but not as rigid at 500° F 
3.75-4.25 0.40-0.60 Best air hardener 


Tungsten Die Steels for Hot Work 


(Blanking, forming, extrusion and casting dies to work up to 1100° F.) 
Air or oil hardening; medium wear resistance; medium toughness; low warpage; high red hardness; deep hardening 


Tungsten Chromium Vanadium Remarks 

8.00-10.00 2.50-3.50 0.30-0.60 In most general use; serviceable up to 1000° F. 
8.00-10.00 2.50-3.50 0.30-0.60 Higher carbon gives higher hardness 

9.00-12.00 nw Chromium lowered to increase toughness 
| Increased tungsten raises serviceability to 1100° P. 
12.00-16.00 2.50-3.25 0.30-0.60 | Hardenability and brittleness rises with carbon content 
17.00-19.00 3.00-4.50 0.60-1.20 Low carbon, high speed steel 


Tungsten-Chromium Steels for Hot Work and Die Casting Dies 


Air or oil hardening; medium wear resistance; good toughness; low warpage; high red hardness; deep hardening 


Tungsten 


17.00-19.00 


19.00-21.00 
17.00-19.00 
13.00-15.00 


17.00-19.00 
17.00-19.00 
18.00-21.00 
12.00-15.00 


Tungsten Chromium Vanadium Molybdenum Silicon 
6.50-7.50 6.50-7.50 0.20-060  ...... 0.30-0.80 
0.75-1.25 450-500 ...... 1.00-1.50 0.80-1.00 
4.50-5.00 1.00-1.50 0.80-1.00 


Remarks 

Maximum alloy for hottest services (1000° F.) 
Tougher 

Less expensive substitute 

Properties similar to steel above 


High Speed Steels 


(Cutting tools of all types; tools for severe hot work) 
Air or oil hardening; high wear resistance; low toughness; low warpage; high red hardness; deep hardening 


Chromium 


3.50-4.50 


3.75-4.50 
3.50-4.50 
3.50-4.50 


3.50-4.50 
3.50-4.50 


3.50-4.50 
3.50-4.50 
3.50-4.50 
3.50-4.50 


Vanadium Molybdenum 


Conventional Types 


0.75-1.25 


0.75-1.25 
1.75-2.25 
1.75-2.25 


Cobalt 


Remarks 


Most used; brittleness and cutting properties vary 
directly with carbon content 

Better cutting ability but more brittle 

Best cutting ability; excellent for finishing cuts 

Roughing tools; somewhat erratic in hardening 


Molybdenum High Speed Steel 


0.75-1.25 
1.75-2.50 


0.75-1.25 
1.50-2.25 
1.75-2.25 
1.75-2.25 


6.00-8.00 
6.00-9.00 


Less expensive; “strategic” alloying element used 
Improved by high vanadium content 


Cobalt High Speed Steel 


0.50-1.00 


3.50- 5.00 
6.00- 9.00 


0.50-1.00 10.00-13.00 


5.00- 8.00 


For cutting hard, gritty or tough materials 
Cutting ability varies as total alloy content 
Maximum alloy to be forgeable 

Good service on special jobs 
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non-aging steels have been made for many 
years both in this country and abroad, they do 
indicate a departure from orthodox practice in 
sheet steel. An experimental development of 
sheets containing a fractional percentage of 
lead (“ledloy”) for a job requiring softness and 
at the same time good cutting and shearing 
properties, was completely successful, and may 
be cited as another example of modern trends. 
In the future we may expect more of a similar 
nature. 

Cold strip tin plate is a fairly recent devel- 
opment and considerable outlay for new tin- 
ning and rolling equipment has been made. 
Electrolytic tinning of plate has given indica- 
tions of being successful, and we may confi- 
dently expect to hear more of it in the future. 
Developments in galvanizing continuous strip 
and changes in methods of galvanizing may be 
looked for also. 

Although radical developments may be 
expected in the future it does not mean that the 
potentialities of the present equipment, proc- 
esses and steels have been exhausted by any 
means. Knowledge concerning the inter-rela- 
tion of various phases of hot strip operation, 
such as finishing temperature, finishing condi- 
tions, coiling, the use of sprays, drafting and 
gage, and factors of the cold reduction process 
such as the amount and kind of reduction, 
annealing times and temperatures, has been 
accumulated by both experimentation and prac- 
tical experience. The net result is a_ better 
control of uniformity in the product. 

While attention has been principally 
focused on strip mills and strip products, the 
single stand two-high and three-high sheet mills 
have also undergone a marked modernization, 
resulting in much better sheets as regards gage 
and surface, produced at a lower cost than was 
previously possible. This came about by the 
use of coil breakdowns instead of the old type 
sheet bar, the installation of semi-automatic 
pack weighing machines, semi- 
automatic doublers, continuous 
pack heating furnaces, auto- 
matic catchers, and the use of 
conveyor systems. In_ fact 
progress has been such that the 
single stand sheet mill has a 
definite place in the industry. 
The prediction that this type of 
mill would be driven out of 
business by the continuous strip 
mills has not been carried out. 


Cold Finished Steels 
By E. L. McReynolds 


Metallurgist, Union Drawn Steel Division 
Rey wublic Steel rp., Massillon, Ohio 


ACHINABILITY is one property of cold 

finished bars which is receiving a lot of 
attention today. All of the cold finishers are 
concentrating on this problem and the future 
will see many changes in steel making, result- 
ing in its improvement. Some of the cold fin- 
ishers have automatic screw machines running 
almost continuously on special steels in an 
effort to discover something that will give bet- 
ter machinability. Such efforts have made the 
hot mills “machinability conscious”, and credit 
should be given the cold finishers for the con- 
tinuous improvement. 

Many cold finished bar items are made for 
one customer and for one job. There is every 
reason to believe that this type of business will 
increase. Close contact between producer and 
consumer is required. By improvements in 
engineering, some users now find that cold 
drawn steel can be applied where previously 
the parts were quenched and drawn. Low 
temperature annealing after cold drawing 
(so-called stress relieving) is very applicable 
here and good physical properties can be had. 
By varying the amount of cold work and the 
annealing temperature, the cold finisher has a 
flexible setup by which he can get the physical 
properties needed on various items. 

Softer cold heading steels will be in 
demand for more severe forming operations. 
Some very intricate parts are now being made 
by cold forming. Softer steels are available by 
improved annealing and less draft when cold 
drawing. Hot rolled steel, very close to round 
from the last pass, and better cleaning methods 
make light drafts possible. 

The day of tailor-made steels is here. This 
is particularly true of cold fia- 
ished products. Where there was 
previously one grade, there are 
now a dozen moditications, each 
different in some respect, in 
chemistry, physical properties, or 
grain size, and each for some 
definite application. It might be 
well to think of and appreciate 
the usefulness imparted by the 
cold finisher to his product. From 
hot rolled bars, covered with 
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scale, not very close to size, and with somewhat 
unpredictable physical properties, is made a 
product within one or two thousandths of an 
inch of the size intended, having a smooth bright 
finish, and physical properties as needed for 
some definite job. Such a product is beautiful 
by comparison. It is like a suit a tailor has 
made from his bolt of cloth. The cold finisher 
will undoubtedly continue to make desirable 
suits of various weaves and weights, and some 
with three pairs of pants! 


Progress in 
Basic Openhearth 


By W. J. Reagan 


Assistant Superintendent of Openhearths 
Edgewater Steel Co. Pittsburgh 


| ORDER to keep up with the tremendous 

advances made in rolling mill progress, it 
would appear that our principal steel making 
process, the basic openhearth, should soon be 
due for a rapid advance both in tonnage and 
quality. 

That the increase in tonnage is an actuality 
can be noted in a recent report of one of the 
new furnaces, showing that a furnace of 135- 
tons capacity had in one month produced 
nearly 11,000 tons. This figure is a goal for 
many. In this particular case the tonnage 
seemed to be attained by a radical change in 
furnace design and also by the use of some of 
the newer bottom materials. It also, no doubt, 
was affected by other factors which have over 
a period of years contributed their share to 
rapid production. For example, sloping back- 
walls have certainly reduced delays and have 
become almost standard practice. The change 
to sloping backwalls has been gradual, but now 
its use in modern furnaces is almost universal 
in American plants. 

Other factors that are in the process of 
evolution are temperature control devices (for 
roof temperatures, for bath temperatures, for 
regenerator temperatures), control of the 
reversing cycle, and last but not least control of 
the steel while it is being cast into ingot molds. 
Some of these have already shown consider- 
able promise; during the next few years we 
should see many of their troubles eliminated. 
One particularly promising device is an instru- 
ment for measuring bath temperatures. By 
inserting a pipe into the steel bath, with a 
stream of low pressure air passing through it, 


temperature readings are obtained either with 
a radiation pyrometer or a photo-electric cell. 
In one melting shop a high speed recorder is 
used, eliminating largely the human element. 
The carbon-silicon-carbide thermocouple is an 
important device but is still having some of its 
kinks ironed out. 

It goes without saying that any instrument 
that will measure steel temperatures accurately 
in the openhearth bath or on the pouring plat- 
form will provide the steel maker with a most 
valuable tool. When and if we have such an 
instrument, the probably revised picture of the 
physical chemistry of steel making will be of 
great interest. 

Other factors in the process of evolution 
are slag control and deoxidation practice. 

A variety of opinions are held as to the 
value and effect of slag control. Viscosity tests, 
pan-cake samples, chemical analyses, petro- 
graphic samples, powdered slags, all have their 
adherents and also their good and bad features. 
In a number of companies, one method of con- 
trol is used in one shop, while in another shop 
another method is used with apparently just as 
good results. There is still considerable detail 
missing from the slag control picture, but the 
future seems to indicate that some of the data 
now in use will be dropped and other data now 
under way will be substituted. I personally 
believe the slag control problem to be much 
simpler than usually suspected. 

Deoxidation practice is in about the same 
category as slag control. In one plant we find 
a certain type of deoxidizer used on a certain 
grade of steel with certain results being 
obtained. In another plant on a similar grade 
of steel we find another type of deoxidizer used, 
with apparently quite similar results. Both 
companies sell their product to the same con- 
sumer with, as far as can be determined, 
satisfactory results. The effect of the various 
deoxidizers upon the final product, and the 
proper method for their use during the deoxi- 
dation period, still is relatively unexplored, but 
possibly the future will have some answers to 
this important problem through some of the 
research work now under way. 

Other problems of interest are furnace 
insulation and atmosphere control. 

Furnace insulation below the floor level 
has become almost universal and there seems 
to be no question but that it has reduced costs 
materially. Above the floor level we have 
another problem, and possibly the future will 


October, 1939; Page 443 


| 
al 
4 
£3 
f 
: 
im 
j 
4 


i 
| 
q 


Method for Identification of Inclusions in Iron and Steel 


Originated by Wm. Campbell and G. F. Comstock (Proc. A.S.T.M., Vol. 23, p. 521) and 
Modified by C. R. Wohrman, Merrill Scheil and Miss M. Baeyertz 


Polish Specimen Cearetully so as to Preserve Inclusions and Project Magnified 
/mage on Ground Glass by Arc or Equally White Light Without Color Screen 


| Inclusions of Warm Colors | 


¥ 


Gray or Black Inclusions 


Etch lOmin. with boiling Attacked 
a/kaline sodium picrate IRON SULPHIDE 
iG tch 10 sec. with lO% nitric acid in alcoho’ | | Unattacked’ | [pale 
Etch lOmin. in 20% 
Strongly Attacked | Unettacked agueous solution of HF ZIRCONIUM NITRIDE 
LIME COMPOUND from | with 10% chromic in water [yellow cubes) and 
mold wash (rare) 1 (Be carefu/ to observe that the polished Unattacked Inclusions | |Z\RCONIUM SULPHIDE 
— ( surface is wetted by the solution) in high chromium steels (tan crystals) 
Weakly Attacked (slightly pitted or darkened) | [Etch Smin.in boiling | 
COMPOUND OXIDE: /a/ either FeO with FeS in solution | | x x 
(usually accompanied by FeO-FeS EUTECTIC/ or |! Unattacked Attacked 
(6) Fe0+Mn0 and other OXIDES in solution ; CHROMIUM OXIDE (purplish gray by reflected CHROMITE 
Note /: Octeheore/ crystals ere probably MAGNETITE. : light, bright green by transmitted light) Cro0z°Fe0, sso- 
Note 2: Both (a/and [(b/ will be darkened further by 20sec.\ | TITANIUM NITRIDE lyellow cubes) tropic; red to 
sulphur printing SQ, in water) and oestroyed | } TITANIUM CYANO-NITRIDE (pinkish; strongly brown by trans- 
by etching with stannous Chloride as indicated below | | angular, easily pitted in polishing) mitted light 
Attacked Unattacked 
FeS-MnS, rich MnS. Note: Reaction not elways decisive. Note color: (1) Very faint pele grey,(2/ Medium or Jerk grey, 
Any unattacked FeS-Mn§S wil/ be blackened by next treatment and etch §min. with boiling alkaline sodium picrete 
Y 
Completely Blackened Partly Attacked Unattacked 
(7°) FeS-MnS,MnS below 50% (@/) OXIDE rich in MnO (will be 
; (or partly attacked in previous treatments 
eS-MnS ,MnS above 50% or destrayed by stannous chloride) 
etch 10 min. with e saturated solution of 
OXIDE very rich in MnO (b) SILICATE with some Mn0 (wil/ be stannous chieride in alcoho! 
* Refer to color before etch destroyed by hyorofiuoric / 
Attacked 
lor previously pitted) etch lOmin. with 20% 
IRON OXIDE or(/f previously pitted} COMPOUND OXIDE of 
Attacked Unettacked 
SILICATE (if previously pitted presence of Mn is indicated / Repolish and note color and form 
If fine perticles,very dsrk color, difficult topolish without /f color not especially dark, easily 
pitting and not elongated by hot work is ALUMINA polished smooth without pitting 
Fairly large angular fragments, showing changesble bright anguisr particles, bluish in color probabi, 
spots @s focus /§ changed, ere SAND GRAINS (in stee/ castings) TITANIUM OXIDE (7 titenium trested steels 


* Note: Suitable only 
for stainless stee/s 


Supplementary Tests with clean (unoxidized) 
/n all instances check determinations in the light of the evidence of a surfaces. 
cerefu/ chemice/ enelysis, and, whenever possible, by other methods, such as: 

Sulohur Printing Matweieff§ Tests 
(for 20 sec. using 8 2% aqueous solution of HeSQ, / (e/) Dilute tartaric acid does not ettack OXIDES or SILICATES, 

(1) Dissolves FeS-Mn§ inclusions but colors Mn§ lightly and FeS decidedly 
(2) Partly dissolves (pits) FeO containing FeS end hest sample in hydrogen at 1600%., OXIDES are reduced, 

OXIDES of other metes/s in solution SILICATES end SULPHIDES ere une/fected 
leeves unchenged: SULPHIDE Repolish[b), etch with dilute Fells in alcohol; if reduced 
pure IRON OXIDE (medium gray/, SILICATES grey / oxide particles ere colored deeply they contsin some Mn 


Ill Roh!s Test for Sulphides 


Short etch with 1% picric acid in alcohol, then temper to dark yellow. 
FeS turns oerk bive to reddish violet, end Mn§ turns du// grey to bright white. 
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answer the question as to why at this point it is 
a success in some plants and an apparent failure 
in others. 

Atmosphere control is a rather new idea. 
Apparently its greatest success has been in the 
furnaces built during the past few years. It 
also is in a process of evolution; notable 
advances have been made in its operation. 
Some of the modern control instruments 
developed for quite different purposes have 
helped materially, and here again the future 
should hold forth considerable promise. 

All in all we should anticipate much valu- 
able data from present research in the ever- 
lasting battle to reduce costs and to increase 
quality. 


Refining Methods 


By John Chipman 
Jepartment of Metallurgy 
Massachusetts Institute of Technok 
(Cambridge. Mass 


LONG THE ROCKY SHORE of one of those 
beautiful bays that indent the Maine coast, 
young son is busily hurling stones at an enemy 
battleship which has hove to some dozen yards 
off shore. The flimsy wooden box would be 
demolished by one direct hit of the ponderous 
projectiles, yet the cannonading has been going 
on for ten minutes and there she floats undam- 
aged. The observer on the hill notes that some 
stones are falling two yards short; others are 
equally over. “Use smaller stones,” he suggests, 
“and all about the same size; you'll do better.” 
The operating department adopts the sugges- 
tion and sure enough he is doing better. He 
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almost hits it. Practically all of the stones now 
fall within a one-yard radius, “Take your time,” 
from the observer; “aim more carefully,” and 
with this encouragement the enemy fleet sus- 
tains a grazing blow which inflicts no damage 
whatever. 

A few more salvos from the shore battery. 
No hits. The observer fidgets from his hill, 
picks up a stone. “Trouble is,” he remarks, 
“your probable error is too great. Your range 
and direction are O.K. and your average is good, 
but you need practice to decrease your mean 
deviation.” Observer's first shots go wild. 
“Getting the range,” he explains. Five minutes 
later the enemy, still untouched, is drifting sea- 
ward, “Let’s stop for lunch,” says the observer. 

Did you ever look through a file of open- 
hearth records to select one heat which would 
be average and normal and typical of the prac- 
tice? Sometimes we doubt that such a heat can 
be made. Instead we average the recorded 
figures and find, for example, that our practice 
involves the use of 9.28 limestone and 33.02% 
hot metal containing 1.07° silicon and 0.029% 
sulphur, and charged at 2583°; that the average 
slag contains 21.25‘° FeO, the average observer 
recorded 2910° as the tapping temperature, and 
the average analysis was exactly where the 
metallurgist wanted it. 

Try and find one heat that agrees with this 
average in any two items excepting observed 
tapping temperature! And there are a score of 
other variables recorded on any good open- 
hearth heat record. Of what earthly use is an 
average heat if it is non-existent? It’s like the 
average shot that would have sunk the ship if 
it had occurred. The average is without signifi- 
cance unless the overall range or mean devia- 
tion is also known. Even if an average heat is 
non-existent, a mean deviation is something 
very real and practical—a numerical thing 
which, like costs or fuel per ton, can be dimin- 
ished only by hard work. 

In the metallurgist’s Utopia the steel in 
every heat of given grade will be exactly alike 
in all its properties. Its response to heat treat- 
ment, machining, deep drawing, upsetting, sur- 
face hardening, aging or what have you, will 
always be the same. There will be no variation 
from the normal behavior — and no rejections. 
In the same Utopia the openhearth operator 
must be supplied with absolutely uniform mate- 
rials and with Utopian refractories, and no one 
must ever tell him at ten o’clock that the mild 
steel heat in No. 5, scheduled to tap at 11:30, 
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must be diverted to chrome-vanadium spring 
stock with close carbon limits. 

Granting that Utopias are unattainable and 
admitting a doubt that their attainment is desir- 
able, how can we work in the general direction 
of greater metallurgical uniformity when at the 
same time our raw materials are becoming 
more diverse and when demands for extreme 
specialization are placing a constantly growing 
burden upon all steel makers? 

If I read the signs of the times correctly, 
progress in this direction will be made along 
two important lines which are already under 
way in many steel mills. 

The first of these is in the training of per- 
sonnel —- not only technical training, important 
as that is, but also the development of an atti- 
tude of responsibility and teamwork through- 
out the organization. Many steel mills are 
fortunate in their background of long coopera- 
tion between management and workers. In 
others progress along this line will be slow. 

The second line of progress is in research 
on the basic principles underlying steel making 
methods and in making available to the steel 
maker new information, new aids in the control 
of his process, new kinds of equipment which 
will enable him to do a better job. The past 
five years have witnessed notable progress along 
this line. The almost universal acceptance of 
some kind of slag control has led to the intro- 
duction of various methods for judging the 
properties of slag. The development of accu- 
rate methods for oxygen determination as well 
as the introduction of rapid analytical methods 
in the control of this element have completely 
knocked the mystery out of that old ghost, oxi- 
dation of the bath. Application of the photo- 
electric cell to control the bessemer converter 
is making its product more uniform, heat to 
heat. Several devices for the accurate determi- 
nation of bath temperatures are being 
used and although we would not hazard 
a guess as to which will come into gen- 
eral use, it seems probable that within 
the not distant future steel makers who 
wish to determine and control bath tem- 
peratures will do so. No other single 
development has such potentialities in 
controlling the uniformity of the product. 

The practical approach to the con- 
trol of uniformity of product must be 
based upon adequate statistical informa- 
tion regarding the product itself and the 
variables of its manufacture. To this 


end more or less elaborate statistical systems 
are being employed in which complete records 
of openhearth variables may be correlated with 
the several factors of quality and uniformity. 
With the aid of modern card-punching, sorting 
and tabulating equipment, it becomes possible 
to handle records of an almost unlimited num- 
ber of heats. With such a system a metallurgist 
with a knowledge of statistical methods (per- 
haps assisted by a statistician with a smattering 
of metallurgy) is in position to guide the metal- 
lurgical practices in his plant not only into a 
narrower groove of smaller deviations, but also 
in the direction of lower rejections and higher 
quality. 


Bessemer Steel 


By H. W. Graham 


Director of Metallurgy and Research 
Jones & Laughlin Steel Corp. 


N ITEM of metallurgical interest in the his- 

tory of the past year is the widespread and 
renewed attention to Bessemer’s process for 
steel making. For years bessemer production 
has been dwindling and the product has been 
under a cloud, made up of more-or-less equal 
parts of ignorance and misinformation. 
Recently the metallurgists who really know the 
process have become vocal in protesting that 
the method (and the equipment for its opera- 
tion) is too valuable to abandon. 

With support from the manufacturing 
departments, and from management generally, 
metallurgists are turning their attention to “the 
forgotten man” among steel making processes. 
With experience gained in extensive open- 
hearth work, with the excellent instruments 
available today, and with a generally high level 
of metallurgical knowledge, 
technological progress in 
bessemer operation was 
bound to be rapid. There 
lacked only the interest and 
the will to do, and both of 
these elements are now being 
supplied. 

Bessemer steel making 
has been found to be a fertile 
field for experimentation, 
with good returns in 
improvements for relatively 
modest expenditures in 
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money and man-power. It has already been 
found that the technological problems are really 
quite simple and that solutions of practicable 
character can be achieved. 

At least one plant is regularly and success- 
fully de-phosphorizing. Another is de-sulphur- 
izing. A third is reported to be organizing for 
application of the Perrin process. Still another 
plant reports that it has achieved instrumental 
control of the end point of the blow to supple- 
ment or replace the blower’s judgment. 

Control of temperature during the blow is 
now better understood and more successfully 
applied. As to controlling the degree of oxida- 
tion, it is understood that openhearth methods 
of slag control cannot be applied, since it is 
impracticable to obtain samples of either slag 
or steel during the finishing period and since 
the rapid reactions do not allow time for the 
examination or analysis of such samples, even 
if they could be obtained. Nevertheless it is 
being demonstrated that the degree of oxidation 
existing can be set to pre-determined close lim- 
its and reproduced from blow to blow with 
excellent results. Therefore the very restrictions 
of bessemer operation produce a condition of 
simplicity that does not exist in the openhearth. 

Recent advances of importance have been 
made in understanding the conditions which 
affect the absorption of nitrogen, and the day 
seems close at hand when a really effective con- 
trol of this element will have been achieved. 
This situation will have a far reaching influence 
on the duplex process, in which bessemer prac- 
tice plays such a vital part. 

It is significant that this renewed interest 


by metallurgists, operators, and commercial 
people is not confined to the United States 
alone. It is world-wide in scope. England is 
again becoming a producer of bessemer steel, 
production on the Continent is sustained and 
increasing, India has made important changes 
in its uses of convertor facilities, and a duplex 
plant is being built in Japan. 

This change of attitude will produce a new 
growth of technical literature on a neglected 
steel making method. In the past vear there 
has appeared a worthwhile paper on English 
acid convertor practice, and more may be 
expected here and abroad. The Bessemer Com- 
mittee of the American Institute of Mining and 
Metallurgical Engineers is being reorganized, 
parallel to its Openhearth Committee. 

Everywhere one hears “The bessemer proc- 
ess is coming back!” Evaluation of this state- 
ment points to two factors —-quality and 
tonnage. It appears certain that control meth- 
ods are rapidly bringing bessemer steel to a 
uniformity and high level which will give it 
fully satisfactory workability in numerous fields 
of application. From that point on the tonnage 
produced will depend upon economic consid- 
erations; just how they will work out cannot 
now be predicted with accuracy. In any event, 
the production of bessemer steel is now a field 
of live interest to the metallurgist. 


Developments in the 
Pouring Pit 


By ( tilbert Soler 
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HE IMPORTANCE of the pouring pit opera- 

tion has been recognized by plant man- 
agers, for the quality of steel as tapped from 
the furnace may be jeopardized by poor or 
ineflicient work at that point. Improvements 
in pouring pit technique have resulted, and 
special attention has been given to the training 
and morale of the personnel. Standardization 
of practice with constant vigilance on the part 
of the supervision has resulted in improved 
quality and lowered costs. The advances in 
making the pouring pit a safe place to work 
have been noteworthy. 

Mechanical handling equipment has been 
developed to a high degree of efficiency and 
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safety. Welded ladles, oval-shaped ladles for 
greater capacity, multiple pouring, smoother 
operating buggies, and better cranes are recent 
developments. 

Refractory materials of construction have 
had only slight improvements. Recently atten- 
tion has been given to the development of bet- 
ter nozzle brick designed for the purpose 
intended — that is, as a pouring orifice for steel. 
The recent symposium on “Pouring Pit Refrac- 
tories”, held jointly by refractories manufac- 
turers and openhearth operators, evidences the 
interest in this subject. Considerable develop- 
ment has been made in Europe and Britain, 
especially in nozzle brick. The use of basic 
ladle linings has been tried with fair success in 
this country, although a brick especially 
designed for the purpose has not been 
developed. It is encouraging to note that 
refractory manufacturers are taking a decided 
interest in improving pouring pit materials. 

Meld material has not been improved to 
any great extent, although mold design has 
received a great deal of emphasis, and more 
attention is given to the selection of the proper 
type of molds for specific types of steel. 

Cost considerations have increased the use 
of larger molds over the past ten years, since 
mold life per ton of steel is increased and less 
units need be handled, thus reducing labor costs 
and increasing the capacity with existing equip- 
ment. On the other hand, several small electric 
furnace plants now pour small ingots and roll 
direct to finished size, thus saving a rolling 
conversion cost, when surface requirements of 
the product are not rigid. 

Materials for coating molds have not been 
improved; tar, graphite, rosin, aluminum 
washes, and lacquer mixtures are still used. 

Fireclay hot tops have not been changed in 
general design and only a few minor features 
have been added during the past ten vears. 
Permanent hot tops have come 
into use during this period and 
are now being used for some 
types of steel. Of recent years 
attention has been given to hot 
top coverings of an insulating 
or exothermic nature to lessen 
segregation and reduce piping. 
Their use is not at all general, 
however. 

The use of bottom pouring 
or rimming steels has 
increased, due to more strin- 


gent requirements by continuous strip mills as 
to surface of the slabs. Many killed steels are 
bottom poured for plate and forging grades. 
During the past few years attempts have 
been made on a commercial scale to cast steel 
direct from the furnace into the rolling mill line 
in a continuous process for the production of 
bars or strip. The aim has been to reduce cost 
rather than improve internal quality. Attempts 
were made in 1931 to centrifugally cast steel 
into blooms. Centrifugally cast steel gears for 
automotive use have been a recent develop- 
ment, The growth of the steel casting industry 
indicates many possibilities of cost reduction. 
Fundamental information on the effect of 
mold design, pouring technique, and ingot solid- 
ification is needed if internal structure and 
exterior surface are to be improved. Consider- 
able work has been done. Improvements must 
also be made in materials and equipment used 


in the pouring pit. 


Low Alloy Steel Castings 


By C. E. Sims 


Battelle Memorial Institute, Columbus, hic 


EVELOPMENT of low alloy steel castings 

has been rapid in the last few years and 
research now under way is expected to solve 
some of the remaining problems. This work 
follows three main lines of endeavor, namely, 
the selection of the proper composition and 
heat treatment of the metal, the improvement 
of foundry technique, and better design. 

As regards composition, some 75 to 100 
combinations of the half dozen available alloy- 
ing materials have been proposed and used at 
some time or other. It is quite doubtful if 
there are that many necessary variations in 
physical properties, and the current tendency is 
to reduce greatly this number, 
relying on those analyses that 
have proven more practicable. 

Manganese continues to 
hold the lead as the most 
popular hardening and 
strengthening alloy. In_ the 
normalized steels where a 
grain refiner is also needed, 
vanadium or titanium is 
generally added. For castings 
in which high hardness is not 
demanded, heat treatment 


October, 1939; Page 449 


/ 
Bale 
a 
a 
‘a9 
if 
a 
ae 
At 

= 

hd 

| 
| 


by normalizing holds precedence over liquid 
quenching, because it is a simpler process and 
gives less trouble from warping. For such cast- 
ings, compositions have been developed to give 
the optimum combination of properties in the 
normalized state. When the heat treatment 
includes a quench and draw, molybdenum is a 
favored alloy complement of 
manganese. 

In the design of low alloy 
steel castings there are two 
different trends. The first does 
not contemplate weight saving 
primarily but works in the 
direction of giving more rugged 
structures with a greater mar- 
gin of safety. This introduces no 
particular problems in design 
but does result in an indirect 
weight saving by increasing the 
capacity of the part. 

The other trend is to lighten the weight of 
existing structures without any sacrifice in 
strength. This can only be done by lightening 
sections and such a procedure introduces many 
problems in design and casting technique. 
Because the stiffness or rigidity of a steel struc- 
ture is a function of section modulus and not 
of the strength of the steel, the difficulty of 
designing light structures for adequate rigidity 
becomes acute. So far a great deal of inge- 
nuity has been shown. Although there is much 
in common in the design problems of light 
weight alloy steel castings and light weight 
alloy wrought steel structures, there is an 
advantage with the former in the facility with 
which sections can be tapered and weight can 
be shifted to the positions where it will do most 
good. In many structures the specifications have 
been changed to allow greater maximum deflec- 
tions under load, because of the higher yield 
strengths of the alloy steels. 

The difliculties of obtaining perfect castings 
are also greatly increased as the section is 
reduced. If the steel is poured too cold, misrun 
castings or cold shuts are obtained, and if too 
hot such troubles as cutting, spalling and burn- 
ing-in of the sand result in surface defects. As 
the section is decreased, moreover, various 
surface defects, core shifts and other irregulari- 
ties seem to assume an importance more than 
proportionate to their percentage of the cross 
section. In other words, higher grade castings 
are required for lighter designs. 

It can be said to the credit of foundrymen 


that they have fully recognized these problems 
and are assiduously attacking them. They have 
themselves set high standards of perfection for 
the light weight castings. A great deal of work 
is being done both here and abroad on the 
study of fluidity or castability of steel. Impor- 
tant fundamental studies of molding sands are 
being conducted in various 
laboratories. 

In all this work there has 
been shown a great willingness 
to work for the common good. 
There is an apparent readiness 
to compare notes, and groups 
of foundries are collaborating 
to pool their information or to 
finance rather ambitious joint 
research programs. 

One factor which should 
not be underestimated in its 
contribution to the success of 
the low alloy steel casting is the growing recog- 
nition that castings are not necessarily, as was 
so widely believed in the past, a second-best sub- 
stitute for a wrought steel structure. Castings 
have engineering values in their own right and 
in many uses, as for instance where flow lines 
lead to failure, the lack of directional properties 
in castings makes them more enduring than 
forgings. The best example of this is the substi- 
tution of cast steel gears for forged gears for 
automotive uses. Moreover, steel castings lend 
themselves as readily to various heat treat- 
ments as wrought steels. The old fear of dam- 
aging castings by liquid quenching is not 
tenable for modern products of the foundry. 
This is due primarily to the balanced composi- 
tions in use, but is contributed to by improved 


mechanical integrity. 


Gray Castings 
By A. Denison 


President, Fulton Foundry & Machine Co. 


Cleveland, ( Yhio 


RAY IRON FOUNDRIES have made tre- 

mendous advances in the technique of gray 
iron manufacture in recent years, an advance 
so definite that today engineers are using basic 
figures for design in gray iron far above those 
considered safe some years ago. Further than 
this, there is a general acceptance of modern 
higher strength gray iron products based on 
specification purchases that registers confidence 


Metal Progress; Page 450 


ihe 
1 
ati 
= 14) 
‘ 
| 
‘ 
oll 
fee 
: 
Thea 
I 
| 
1 
HEN 
| 
gee 
Be 
Rie 
Bx 


in these higher strength irons as a dependable 
development. 

This development of better standards is 
leading to a new day in the gray iron foundry 
business. The purchasers and engineers are 
thinking of iron in terms of specifications. Irons 
with definite physical characteristics are now 
specified to A.S.T.M. Standards by progressive 
users, rather than to designate purchases by the 
‘cast iron”, which may mean any- 


general term 
thing. Furthermore, gray iron foundries are 
quite generally now organized to manufacture 
good irons to A.S.T.M. specifications, rather 
than to just produce something that could be 
called cast iron. 

This change in product has come from 
metallurgical research by the foundries them- 
selves and from the research carried on by 
venders of alloys and other foundry raw mate- 
rials that have become generally helpful. 

These changes and developments in 
foundry products now accepted so generally are 
indicative of what is ahead for gray iron in the 
future. Those familiar with research trends 
know that greater advances are coming, so that 
gray iron will be graded for many special 
services, such as wear resistance to different 
abrasives, heat resistance in certain ranges of 
temperature, corrosion resistance to definite sur- 
roundings, and specific electrical properties, as 
well as for general mechan- 
ical properties. 

This leads modern 
foundries to manufacture 
group of products with 
many properties obtained 
by alloying and various 
process manipulations, and 
as one visualizes the future 
two developments are in 
progress that will lead to 
new accomplishments: 

(a) New combinations 
of alloys will improve specific properties of gray 
iron for special applications. 

(b) Heat treating of gray iron will be 
expanded to create new and better properties. 
This thought involves not only quenching from 
temperatures above the critical followed by 
various drawing temperatures, but also heat 
treatments at temperatures below the critical 
{which recent research has shown to have pos- 
sibilities worthy of important consideration). 

Thus gray iron now is taking a new place 
as an engineering material because the newer 
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products not only have the important proper- 
ties of vibration damping, high compression, 
and low friction characteristic of the old gray 
irons, but also have superior strength and other 
physicals that place the material close to the 
other strong metals. 


Malleable Iron 
By Harry A. Schwartz 


Manager of Resear h 
Natic nal Malleable ra Steel ‘astings ( 
( ‘leveland. ( Yhio 


INCE MALLEABLE IRON, properly so 

called, meaning the ferritic material, has 
been known for over 120 years and intensively 
studied by a number of competent metallurgists 
for 25 or 30 years, it is unlikely that anything 
very new in principle bearing on its manufac- 
ture and use will be discovered in the near 
future. 

The only thing which might be done to 
change the properties of such material would 
be the addition of copper, with or without sub- 
sequent precipitation hardening; this process 
has been thoroughly explored and awaits only 
a commercial demand to be put into execution. 

It is the writer’s opinion that the dramatic 
question of reducing annealing time is rapidly 
approaching the stage 
where it will be viewed 
from its economic aspects 
rather than as a means of 
attracting attention to the 
fact that the art is being 
intensively studied. Since 
quick annealing is accom- 
plished either by taking 
advantage of entirely well 
known metallurgical prin- 
ciples as to the use of accel- 
erators, or more commonly 
by improvements in furnace design, there 
comes a point at which the increased cost 
of highly specialized furnaces, very carefully 
supervised melting operations requisite to 
maintain uniformity of annealability, and occa- 
sionally special raw materials, outweigh any 
possible saving to be had by the reduction of 
heat treating time. The trade is apparently 
wisely realizing that it wants a material of 
adequate properties in a reasonable time, but 
not in the shortest possible time at an increased 
expense or risk, 
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New combinations of properties are more 
likely to be found in the various so-called 
“pearlitic malleables”. Materials of this type 
can be made covering a rather wide range of 
properties. Various manufacturers have 
developed various techniques and materials to 
suit specific purposes. 

There is a considerable cry for standardiza- 
tion as to these materials; the cry, however, 
seems to emanate not so much from users of the 
material as from independent engineers. The 
writer believes and certainly hopes that this 
standardization will not proceed too rapidly. 
Until it can be shown that all the very diverse 
requirements of the enormous number of con- 
sumers in the United States can be met by a 
few standardized products, it would certainly 
be an injustice to eliminate from the market 
useful metallurgical products now being manu- 
factured to the satisfaction of both the consumer 
and the producer. 

A further complication is the fact that a 
great number of pearlitic malleables are cov- 
ered by patents and that any premature stand- 
ardizing might result in giving a virtual 
monopoly to some producers when other com- 
petitive materials do in fact exist but would 
be barred from the market by the artificial 
barrier of the creation of standards. The only 
possible solution would seem to be that adopted 
last June by the A.S.T.M.— a classification of 
properties without excluding any combination 
of them which may have commercial utility. 


Alloy Cast lrons 
By Carnet P. Phillips 


Foundry Metallurgist 


International Harvester Co., Chic ago 


Us OF ALLOY cast irons continues, with 

emphasis on applications where the prop- 
erties obtained with alloys are entirely justified 
from economic and operating viewpoints. 

The user demands them for higher physical 
properties, increased heat and corrosion resist- 
ance, greater wear resistance, for heat treat- 
ment and for specific thermal expansion 
characteristics. The foundryman uses alloys 
(in addition to the above reasons) to produce 
special castings with properties that cannot be 
met with the one or two base irons regularly 
available in his foundry. 

The alloys nickel, chromium, and molyb- 


denum, alone and in various combinations, 
have been used in large quantities in cast iron 
for some years. Copper, vanadium and titanium 
have been used in lesser quantities. More 
recently copper is being used in increasing 
quantities but, notably, not at the expense of 
other alloying elements. It is finding increasing 
use in many applications where the utilization 
of more costly alloys is not warranted. 

Research continues for the best and most 
economical alloy combination for each specific 
application. The full effects of various alloy 
combinations on all the usual physical proper- 
ties have not yet been explored by any means. 
Our knowledge of alloying effects on thermal 
expansion and heat conductivity is in many 
cases woefully lacking. More complete control 
of graphite particles, their form and distribu- 
tion, by means of alloys offers a fertile field for 
research, since this means better control of 
physical properties. 

Alloy irons with higher heat conductivity 
and resistance to local thermal gradients have 
a wide field of usefulness awaiting them. Lrons 
suitable for heat treatment (either the conven- 
tional quench and draw or surface hardening) 
that can be produced more economically than 
those now normally used will open new fields 
of application. 

Ferro-alloys containing carbide-forming 
elements along with economical graphitizers 
have been formulated and now are being tried; 
they may find wide application. 

Hot quenching of suitable alloy irons in 
thinner sectioned castings is one of the newer 
developments in heat treatment that may find 
many uses. 

The use of alloys in cast iron will probably 
increase in specific fields of application where 
special or unusual properties are needed. 
Research will widen the fields of application 
on the broad base already attained. 
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Elected to the 


OF FAME” 


for 
Distinguished Service to Industry 


Visit our booth at the National Metals Show at 
Chicago . . . and in the “Hall of Fame” you'll 
find these Heppenstall Products. Each won its 
place for exceptional performance, above and 
beyond ordinary line of duty. 

If you have forging, shearing, crank, roll or 
shaft problems that are causing you trouble and 


expense, you too can benefit from the superior 
properties that three generations of experience 
build into Heppenstall products. Heppenstall 
Die Blocks have the extra toughness to handle 
today’s tougher metals, and give the surface 
perfection that holds cleaning and grinding to a 
minimum. Heppenstall knives are made and 
guaranteed to give extra service. Heppenstall 
forged cranks, shafts and rolls frequently serve 
for years where replaced materials lasted only 
weeks. 

The list below indicates the line of Heppen- 
stall products. For full details . . . visit our 
booth, or drop us a line. 


HEPPENSTALL PRODUCTS 


Hammer Rams... Piston Rods . . . Tinning 
. Locomotive Axles, Pins and 


Carbon and Alloy Forgings. 


Die Blocks . . . Shear Knives... 
and Galvanizing Rolls . . . Gellert Tongs. . 
Rods ...E.I1.S. and O.H. Alloy Steels... 
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Forgings and 


Forging Machinery 


Boom in Drop Forging 


By R. W. Thompson 
Sales Engineer, Transue & Williams Steel F raging 4 ‘orp 
Allian« e, ( Yhio 


IVERSIFICATION of drop forging applica- 
tions has continued during the past year. 


Manufacturers, realizing the value of lighter 


construction, have been quick to adopt drop 
forgings for economical operation of their 
equipment. 

Mechanization of farm tools and agricul- 
tural equipment has already provided a large 
field for forgings. With the recent trend to 
streamlined designs in farm tractors, accom- 
panied by greater operating efficiencies and 
more attractive models, an increasing market 
is apparent and it will continue for several vears 
to come, 

The ability of the drop forging industry to 
fabricate the unusual shapes presented them 
with success is a result of the experience largely 
gained in the mass production of the many 
intricate automotive designs. These designs, 
engineered so as to provide the greatest strength 


and safety in transportation, are tributes to 
the forger’s ingenuity and forgings’ perfection. 

In the very recent past there has been a 
decided change in the drop forging industry in 
respect to the individual company’s interest in 
the allotment of specialized forging parts. 
With business conditions wherein many shops 
are operating nearly to capacity, forging com- 
panies are being more mindful of the parts for 
which their particular equipment is adaptable. 
Heretofore many contracts were earnestly solic- 
ited and the business secured whether it could 
be readily made or not. Frequently the opera- 
tions were conducted by makeshift arrange- 
ments which would not permit a quality job, to 
say nothing of the impossibility of a manufac- 
turing profit. With the expected prevalence of 
sufficient business to keep operations at near 
capacity limits, it is believed that competitive 
companies will seek those jobs within’ their 
own scope and range of manufacture; better 
profits will therefore be realized and higher 
grade and more satisfactory products assured to 
the customer. 

The future looks exceedingly bright. The 
magnitude of the potential business in aircraft 
forgings can hardly be forecast, as the develop- 
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Rules Governing Forging Machine Dies 


(Adapted from Ek. R. Frost; Courtesy National Machinery Co.) 


Rule I— The limiting length of unsupported 
stock that can be gathered or upset in one blow 
without injurious buckling is three diameters. 


A 
| d 
Heading 
Too/ | 


Gripping Die 


Note. (a): A safer maximum length is 2'2d; 
little attention need be paid to squareness of 


Rule IV—Large amounts of stock can be 
gathered by multiple application of Rule II and 
III, and by using square or tapered impressions. 


Note (a): In making the wide flange in sketch at 
left, below, the first and second impressions are within 
the 1'2d limit, but the third, being a short upset under 
Rule I, is unlimited in diameter. 

Note (b): The side of the square may be 1%d of 
the original bar, and the diameter of the next round 
may be 1% times the diagonal of the square. 

Note (c): Tapered holes are proportioned as to 
their diameters at midlength of unsupported stock. 


end if l= 2d. If 1>3d, buckling will occur 
near the middle of the unsupported length. These 


principles hold irrespective of whether the stock y 


overhangs the face of the gripping dies, or 4 


whether any portion is gathered in either grip- 


Side of Syuare = 
al 


ping dies, heading tool or both. 


Rule Il1— Lengths of stock more than 
3d can be gathered or upset in one blow 
provided the upset is contained in either 
the gripping die or a straight or slightly 


Diameter= 


/ Diagonal 
of Square 


| 


tapered hole in the heading tool, and the 
diameter of the upset made in that blow 
is not more than 14d. 

Note (a): Multiple buckling will be checked 


by contact with sides of the die, and friction 
therewith will cause a fin to form around end of 


Heading Tools 


upset. Such long upsets cannot be made half 


in one die and half in the other, for central —oe Gripping Oe 
To 


buckle will receive no side support. 
Note (b): A safer maximum is 1.3d, and if Rule 
I is also applied, the upset will be free from end fins. 


max. 


| 
° n 
Heading | Gripping Die * 

Note (c): For very long upsets, it is helpful 
to have the end of the bar at a lower temperature, and 
to have a minimum diameter upset for the outer half of 
the die, the inner half tapering 4° to wider diameter 
at the base. 

Note (2): In upsetting tubing, wall thickness can- 
not be increased externally more than 25% at one 
blow; internal upsets are almost unlimited because 
arch effect prevents internal buckling. 


Rule I1[— For upsets requiring more than 
3d in length of stock, and in which the upset is 
114d, the amount of unsupported stock beyond 
the face of the die must not exceed 1d (opera- 
tion 1, at right). 

Note (a): Unsupported stock can amount to 


1'. d if diameter of upset is reduced to 14 d. 


) 
Face of 
Gripping Die 


Rule V —Sliding dies, for upsetting stock at 
some distance from the end of a bar, are 
governed by all the above rules. 

Note (a): Friction along the sides of the sliding 
die will favor upsetting near its front end, so multiple 
impressions should be alternately in front and rear 
half, or alternately in sliding die and gripping die, as 
shown in sketch below. 


>| 


Stationary Die 
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ment of this phase of transportation apparently 
is unbounded. There are already several planes 
on the market which can be purchased at little 
more than a fine automobile. 

The vast expenditures of the Government 
in a larger program for preparedness contain 
an allocated portion to be spent on equipment 
requiring drop forgings rang- 
ing from a fraction of a pound 
up to those of over a thousand 
pounds in weight. Specifica- 
tions for these parts present no 
particular hardship to the 
forger, as the various tests for 
quality are a part of routine 
procedure for which proper 
control has long been estab- 
lished. 

New forging designs have 
come from bus and motor coach builders, made 
necessary by changing the location of engines 
from front to rear. This change in coach con- 
struction has shown such advantages that it is 
believed it will be adopted quite generally in 
automotive design within the next few vears. 

Predicated on the present business uptrend, 
there is litthe doubt but that the next vear or so 
will see a volume of business in the drop forg- 
ing industry which will equal and possibly 
exceed any similar period in the past. 


Pressing and Forging 
Machinery 


By Ernest E. Thum 


Metal Pre gress 


ASIDE from a continued refinement in detail 

of all classes of metal working machinery, 
the last year observed a definite trend in three 
directions. First is the appearance of numer- 
ous self-contained units. Second is the devel- 
opment of specialized equipment for pressing 
or cold forging aluminum alloys. Third is the 
continued growth of steam hammers in weight 
and size, 

Large hydraulic presses have long been 
built as complete units — that is, having pumps 
and oil reservoirs resting on the upper cross- 
head. Last vear a number of smaller presses, 
ranging from 5 to 50 tons, have followed this 
stvle and have appeared on the market, 
smoothly encased in steel cabinets. Electrically 
operated, air driven hammers, each a complete 


unit, are also available ranging in size up to 
those with 2000-Ib. rams. 

Multiple production of aircraft to single 
designs has, of course, required the production 
of great numbers of peculiarly shaped forms 
out of duralumin sheet. Fortunately, the dies 
can be made of hard wood or fusible alloy, and 
many rope drop hammers are 
slamming out the parts. Their 
advantage, other than rapid 
change of dies, is that the work 
is gradually done without fric- 
tion clamping at the edges, and 
the raw material is gathered 
into shape with increasing wall 
thicknesses, rather than being 
stretched into thinner walls. 
Air-operated drop hammers to 
do this work have appeared, 
having ready control of the height of drop (one 
major convenience of the rope drop hammer), 
and with accurate slides and guides. Such 
equipment has much to recommend it to jobbers 
of parts in other metals, plagued with short runs. 

Very large hydraulic presses — large in 
respect to clearance between columns — are also 
used with a rubber mass for the upper die. This 
process was devised by Henry FE. Guerin of 
Douglas Aircraft Co., and described Merar 
Progress for May 1938. Numerous dies may 
be arranged on the bed of such a press, and on 
each laid a blank of duralumin sheet. One 
stroke of the press then forms as many pieces 
as can be assembled on the bed. This may be 
30 to 35, so presses may have four lower car- 
riages on tracks coming away at right angles, 
the carriages being loaded or unloaded while 
the third is being squeezed, Another interesting 
mass production device is a turntable, centered 
on one column, which carries brass blanks suc- 
cessively under pre-form, indent and heading 
operations to make 6-in. cartridges in a single 
2800-ton press. 

Steam hammers continue to grow in size. 
In last vear’s issue a 35,000-Ib. hammer was 
noted as our largest in America. Another of the 
same nominal rating, but having an actual recip- 
rocating weight including a 10,000-Ib. top die of 
52,000 Ib., has been made; it can handle dies up 
to 4x90 in. Additional hammers of 50,000-Ib. 
capacity are under order for foreign delivery. 
These huge hammers are primarily for large 
drop forgings in aluminum alloys, which are 
not so plastic at their mild working temperature 


as most of the alloy steels at white heat. 
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Standard Tolerances for Forgings up to 100 Lb. 


Summary 


these standards, shall be either 


within the scope of 

“special” or “regular.” 

Special tolerances are those partic- 
ularly noted on the drawings or in the 
specifications, and apply only to the 
particular dimension or thing noted. 
They may state any or all tolerances in 
any way as occasion may require. Reg- 
ular tolerances apply in all other cases. 

Regular tolerances in general forg- 
ing practice are known as (a) “com- 
mercial standard,” for general forging 
practice, or (b) if extra close work 
is desired involving additional expense 
and care in the production of forgings, 
“close standard” may be specified. 


Class I— Thickness Tolerances 


For drop hammer forgings, thick- 
ness tolerances shall apply to the over- 
all thickness measured in a direction 
perpendicular to the fundamental part- 
ing plane of the dies. 

For upset forgings, thickness toler- 
ances shall apply to the metal actually 
enclosed and formed by the dies, meas- 
ured parallel to the direction of travel 
of the ram. 


Thickness Tolerances in Inches 


Max. Ner| COMMERCIAL CLOSE 
WEIGHT | Minus! Pius | Minus) Pius 
~ 02 | 0,008 | 0.021 | 0.004 | 0.012 
OA 0.009 0.027 | 0.005 | 0.015 
0.6 0.010 0.030 | 0.005 | 0.015 
0.8 O.0O1L 0.0383 | 0.006 | 0.018 
1 0.012) 0.036 | 0.006 | 0.018 
| 0.015 | 0.015 | 0.008 | 0.024 
3 0.017 0.051 | 0.009 | 0.027 
4 0.018 | 0.054 | 0.009 | 0.027 
5 0.019 | 0.057 | | 0.030 
10 0.022 | 0.066 | 0.011 | 0.033 
20 0.026 | 0.078 | 0.013 | 0.089 
30 0.080 0,090 | 0.015 | 0.045 
40 0.034 0.102 | O.OL7 | 0.051 
50 0.0388 O114 0.019 0.057 
60 0.012 0.126 | 0.021 | 0.063 
70 0.016 O.138 0.023 | 0.069 
80 0.050 0.150 | 0.025 | 0.075 
90 0.054 0.162 | 0.027 | 0.081 
100 0.058 | 0.174 | 0.029 | 0.087 


Class II— Width and Length 


Tolerances 


Width and length tolerances shall 
be alike, and are classified in three sub- 
divisions (a) shrinkage and die wear 
tolerance, (b) mismatching tolerance, 
(c) trimmed size tolerance. 

For drop hammer forgings, width 
and length tolerances shall apply to the 
metal actually enclosed and formed by 
the die, as measured parallel to the 
fundamental parting plane of the dies. 

For upset forgings, width and length 
tolerances shall 
perpendicular to the direction of travel 
of the ram. 


apply to directions 


of Standards Adopted by Drop Forging Association, 1937 


Il(.a)—Shrinkage and Die Wear 


Tolerances 


See table below. These shall not 
be applied separately, but only as 
the sum of the two; they shall be 
measured in such a way as to elimi- 
nate draft or variation in draft. They 
apply to that part of the forging 


Class Draft Angle Tolerances in Degrees 


Commercial 
Close limits 


_| INSIDE INSWDE 

OUTSIDE OUTSIDE 

HoLes | | HoLes 
Nominal angle 7 7 or 10 3 | 5 


Drop Foraincs | Upset Forcrnes 


limits |0 to 10 0 to 13 O0to5 Oto 8 


Oto8 Oto8 0to7 


formed by a single die block, and to 


no dimension crossing the parting 


Class IV— Quantity Tolerances 


plane. 
Any quantity shipped within the 
Shrinkage and Die Wear in Inches quoted limits of over-run or under-run 
Dre Wear shall be considered as completing each 
—= release or part shipment of an order 
Lenctu | Com- Cisce Max. | CoM- | 6 ose Limits are as follows: 
OR MERCIAL| NET MERCIAL 
Wiptn | -+ or - OR |+ or— | Quantity Tolerances 
1 in. 0.003 0,002 1 Ib. 0.032 | 0.016 Seen aa aN 
2 in. | 0.006 | 0.003 | 3 Ib. | 0.035 | 0.018 on Onver OVERRUN NDER-RUN 
in. 0.009 0.005 5 Ib. 0.038 | 0.019 
fin. | 0.012 0.006 | 7 Ib. | 0.011 | 0.021 2, 1 piece | 0 
Sin. | 0.015 | 0.008 | 9 lb. | 0.014 | 0.022 3to 5| 2 pieces | 1 piece 
Gin. | 0.018 | 0.009 | 11 bb. | 0.047 | 0.024 6 to 19| 3 pieces | 1 piece 
= — 20 to 29> 4 pieces | 2 pieces 
‘or each additional inch | For each additional 2 Ib. 30 to 39 5 pieces | 2 -pieces 
add | 0.003 | 0.0015 add 0.003; 0.0015 10 to 19 6 pieces | 3 pieces 
70 to 79| 9 pieces | 4 pieces 
12 in 0.036 0.018 | 21 Ib. 0.062 | 0.031 80 to 99/10 pieces | 5 pieces 
18 in. 0.051 0.027 3t Ib. 0.077 0.039 
21 in 0.072 | 0.036 11 Ib. 0.092 0.046 100 to 199 10% 5.0% 
36 in. 0.108 0.054 51 Ib. 0.107 0.054 200 to 299 9% 1.5% 
Win. | O14 0.072 | 71 Ib. 0.137 | 0,069 300 to 599 8% 1.0% 
60 in 0.180 0.090 | O91 Ib. 0.167 | 0.084 600 to 1,249 7% 3.5% 
1,250 to 2,999 6% 3.0% 
3,000 to 9,999 3% 2.5% 
Il. b)\—Mismatching Tolerance 10,000 to 39,999 1° 2.0% 
Mismatching is the displacement of a point 40,000 to 299,999 Se 1.o% 
in that part of a forging formed by one die 


block of a pair, from its desired position when 
located from the part of the forging formed in 
the other die block of the pair, measured in a 
projection parallel to the fundamental parting 
plane of the dies. It does not include any dis- 
placement caused by variation in thickness of 
the forging; mismatching tolerances are inde- 
pendent of and in addition to any others. 


Mismateching Tolerance in Inches 


Max. | CLOSE 
Nerv |“ 
| 0.015 | 0.010 
7b. | 0.018 | 0.012 
13 Ib. 0.021 | 0.014 
19 Ib. 0.024 =| 0.016 

For additional 6 Ib. 
add 0.008 | 0.002 

For example :| 

0.033 | 0.022 
55 Ib. 0.042 | 0.028 
79 Ib. 0.054 0.036 
97 Ib. 0.063 | 0.042 


Il(c)— Trimmed Size Tolerances 


The trimmed size shall not be greater nor 
less than the limiting sizes at the parting plane 
imposed by the sum of the draft angle tol- 
erances and the shrinkage and die wear 
tolerances. 


Class V—Fillet and Corner 
Tolerances 


Fillet and corner tolerances apply to all 
intersecting surfaces even though drawings or 
models indicate sharp corners. If such draw- 
ings or models have or indicate (even though 
actual dimensions are not specified) fillet or 
corner dimensions of larger radii than the 
following standards, such larger dimensions 
shall be considered as actually specified and 
the tolerances shall be “special tolerances.” 

Where a corner tolerance applies on the 
meeting of two drafted surfaces, the toler: nce 
shall apply to the narrow end of such meeting 
and the radius will increase toward the wide 
end. The total increase in the radius will 
equal the length of the drafted surface in 
inches, multiplied by the tangent of the 
nominal draft angle. 


Fillet and Corner Tolerances 


Max. Ner Weicutr Commerctat! Close 
0.3 Ib. 3/32 | 3/64 
1 Ib. | 1 | 1/6 
3 Ib. | 5/32 | 5/64 
10 Ib. 3/16 | 3/32 
30 Ib. 7/32 | 7/64 
100 Ib. 14 | 18 
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Fuels, Heat Control and 
Instrumentation 


By Adam M. Steever 
Superintendent, Columbia Tool Steel Co 
( thicago leights, 


AST HEATING TROUBLES have become 

history. Improved techniques which fully 
meet today’s needs are with us or at least avail- 
able without mystery or confusion to those that 
need and want them. Those that plan ahead 
are at the moment thinking in terms of 
expanded output to meet war needs or at least 
a sharp increase in business activity and the 
problems that lie ahead. 

Open and semi-muffle furnaces, especially 
those operating with improved gas and oil 
burners and air supplied by blowers and also 
some of the coal furnaces fired with stokers and 
blowers, are economically filling the needs of 
the day. Temperatures, atmospheres and heat- 
ing rates are being produced that give the maxi- 
mum overall economy. It would appear that 
these methods are not to be quickly discarded 
in the immediate future. Only radical changes 
in the value of products or the cost of man- 
controlled manipulations will disturb the econ- 
omy of our present methods. The tendency 
towards the increased use of the more easily 
and accurately controlled gas for fuel may be 
expected to continue and, no doubt, we can 
expect further improvement in the handling of 
other fuels aimed at meeting this competition. 

The full muffle furnace, retort or electri- 
cally heated furnace with prepared gas atmos- 
phere is well developed in principle but up to 
now has not justified its cost except for use in 
heating and treating finished products or quite 
valuable material in the raw or semi-finished 
state. One of the problems of this type of heat- 
ing is the difficulty in making gases which are 
in equilibrium with the hot metal products, and 
the high degree of purity and accurate control 
necessary to maintain the desired conditions. 

Undoubtedly, we have ahead of us many 
applications for the new nitrogen generator 
and the charcoal gas apparatus and we have 
reason to expect that new uses for these will 
be found in the near future. The units for 
producing non-scaling gas have already 
received wide application and _ there, no 
doubt, will be some extension of this field 
also. Associated with this is the general idea 
of heating an atmosphere in an auxiliary 


oven and then circulating it around the metal 
to be heated — an idea equally applicable to 
high temperature as to low. 

Suggestions have recently been made that 
we have before us great possibilities in the 
electric induction heating of ferrous products 
with or without prepared atmospheres and in 
this writer’s opinion there is much merit in 
these thoughts. While the apparatus appears 
expensive, the actual power used is reduced to 
aminimum. Speed of heating can be the maxi- 
mum permitted by the product. Control is sim- 
ple and such apparatus can be used to feed 
work at an economical pre-determined rate in 
order to get maximum production from auxil- 
iary equipment. 

Heating by means of the electrical resist- 
ance of the product to be heated with electrode 
contacts is already an established method on 
small work and perhaps offers some of the 
results anticipated for the induction method but 
where work is large, irregular and in semi- 
finished state, mechanical problems are 
encountered. 

As with the fuel burning methods, control 
pyrometers have reached a point of commercial 
perfection. Regular or irregular rates of heat- 
ing or cooling can easily be provided if desired. 
Thermocouples are quite satisfactory and lately 
improvement has been made in this direction. 
The electric eye, or more properly the photo- 
electric cell, will undoubtedly supersede the 
millivoltmeter and potentiometer in controllers 
and now only awaits further development of 
automatic heating and feeding of product. 

Gas analysis apparatus either of the con- 
tinuous or sample testing variety is compara- 
tively simple and satisfactory and can be 
expected to come into much more general use 
in metal heating plants. The so-called Wheat- 
stone bridge type of gas analyser, which gives 
instantaneous and exact readings but is at pres- 
ent of limited life because of deterioration of 
materials within the apparatus, undoubtedly will 
be improved and when the improvement has 
been made, its use by 
sellers of fuel should be 
as general as the foot- 
candle meter used by 
the sellers of electricity 
for illumination. 

present, our 
metallurgical heating 
fuels and controls are 


in a highly satisfactory 
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Requirements for All Hot Work Tools: 
1. Of sufficient toughness to resist working stresses 

2. Of such composition and in such heat treated con- 
dition as to resist softening when in service 

3. To have adequate wear resisting properties to assure 
normal, economical life 

4. Of such composition and heat treated condition as 
to wholly or partially resist the tendency towards 
heat or fire checking 


Influence of Design: 

1. Wedge designs, sharp corners and thin sections pro- 
mote chances of breakage and require inherently 
tougher compositions, usually secured through lower 
total alloy content steels 
Designs including raised sections partially or wholly 
buried in hot metal require types of higher red hard- 
ness and may not require as high toughness char- 
acteristics as other wedge designs. 


Importance of Mechanical Set-Up: 

1. All forging dies should be properly lined up 

2. Machines should be true to assure uniform applica- 
tion of pressure or impact 

3. Dies should be so adjusted in hand fed and auto- 
matic forging machines as to prevent excessive pres- 
sure being developed on the faces of the dies, thus 
decreasing probability of fatigue failures 

4. Dies should not be mounted in worn or warped shoes 
or holders 


Importance of Adequate Preheating: 


1. Well warmed dies and tools are less susceptible to 
cracking. 


Toolsteels for Hot Working Iron and Steel 


By HH. EB. Replogle. Crucible Steel Co. of America 


2. Minimum temperatures secured through use of buried 
unit heaters in certain types of drop forging dies pro- 
long service life and retard heat checking 


Importance of Cooling: 
1. Methods of cooling—Air, Oil, Water. Retards local- 
ized heating which may exert a tempering and soft- 
ening action 
a—Air cooling least drastic—applicable to all types 
of tools. Also serves to blow away scale which, 
if present, will cause undue wear of dies. 

b—Oil cooling—somewhat more severe and rapid but 
rarely detrimental to any tool or die. 

c—Water cooling—most effective, but very drastic and 
often dangerous. When large dies attain high 
temperatures, water cooling tends to cause heat 
checking. Punches and small dies are often suc- 
cessfully cooled with an ample flow of water. 


Influence of Die and Tool Lubrication: 
1. Heavy graphite bearing greases serve as lubricants 
and prevent sticking. Usually assures better wear. 


Quenching: 

Among the data given below are recommenda- 
tions as to the quenching medium; oil, air and “oil 
& air”. The words “oil & air” signify an interrupted 
or timed quench. With this method, a tool or die is 
quenched in oil to a temperature of about 1000 F., 
or where all color disappears. When this state is 
reached, the tool or die is removed and allowed to 
cool naturally in still air until cool enough to be 
handled in the bare hands. It should then be drawn 
as directed 


Recommended Compositions, Heat Treatments and Hardnesses 


Analyses. 


« Min Si Ni Cr \ \ Mo 


Heat Treatment (°F.) 
Brinell 
Pre-Heat High Heat Quench Draw Hardness 


Insert Dies in Upsetters 


0.55 0.25 1.25 0.18 2.75 oo 1400 1750 Oil 1200 400 to 450 
0.55 0.35 4.00 1.00 ses 0.50 1200 1650 Air 1150 400 to 450 
0.30 0.30 3.25 0.25 9.00 1450 2150 Oil & Air 1200 400 to 450 
0.25 0.20 4.00 0.50 15.00 1550 2350 Oil & Air 1200 400 to 450 
Presses, Preloaded Dies 
0.40 0.30 1.75 0.18 11.00 1550 2150 Air 1100 539 to 578 
0.45 0.30 2.75 0.40 15.00 1550 2200 Air 1150 539 to 578 
Gripper Dies for Hand Fed Machines 
0.55 0.25 1.25 0.18 2.75 comte 1200 1750 Ou 1100 450 to 500 
0.55 0.30 0.40 4.00 1.00 0.50 1200 1650 Air 800 450 to 500 
0.30 0.30 3.25 0.25 9.00 1200 2150 Air 1150 450 to 500 
0.25 0.30 0.25 2.10 2.60 0.30 9.50 1450 2150 Air 1150 450 to 500 


Gripper Dies for Automatic Machines 


0.40 0.35 1.00 5.00 0.50 ie 1.50 
0.55 0.35 4.00 1.00 0.50 
0.30 0.45 0.95 4.25 1.25 1.65 


1200 1800 Alr 1075 444 to 526 
1200 1625 Air 1000 444 to 526 
1200 1850 Air 1100 450 to 500 


Header Dies for Hand Fed Machines 


0.55 0.25 1.25 0.18 2.75 1200 1800 Oil 1225 430 to 461 
0.30 0.30 3.25 0.25 9.00 1450 2150 Air 1175 430 to 461 
0.30 0.45 0.95 4.25 ; 1.25 1.65 1200 1850 Air 1100 400 to 450 
0.25 0.30 0.25 2.10 2.60 0.30 9.50 1450 2150 Air 1200 400 to 450 
Header Dies for Automatic Machines 
0.55 0.25 : 1.25 0.18 2.75 1200 1800 Oil 1250 388 to 429 
0.40 0.30 2.50 2.25 1200 1800 Air 900 388 to 429 
Forging Punches 
0.30 0.30 3.25 0.25 9.00 1500 2250 Oil & Air 1175 425 to 450 


The above data do not represent all of the types being 
used for the various applications listed, nor do they repre- 
sent the only heat treatments or hardness values for these 
types. Neither do the above listings include flat, cut and 


swaging dies used in beam, steam or air hammers. How- 
ever, the types and treatments listed represent the broadest 
general selections being used commercially today in the serv- 
ices noted. 
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state. They are ready for increased work load. 
Behind the scenes the eager and restless have 
new possibilities in the development and assem- 
bling of the new apparatus which can now be 
visioned to give us old products that are better 
or cheaper or give us the new products that we 
cannot make with today’s methods. 
“Time marches on!” 


Surface Cleaning 
of Forgings 


By John A. Webber 
Metallurgic al | ‘ngineer 
Interstate Dr rgIng ( ‘0 Milw aukee Wis 


HE USUAL METHODS of cleaning, namely 

tumbling, pickling, and blast cleaning, are 
still the most commonly used for cleaning forg- 
ings. In blast cleaning the trend is still toward 
the method using centrifugal force. The chief 
reason for this is because it requires consider- 
ably Jess power than the compressed air 
method. It is also well adapted to a combina- 
tion of tumbling and blast cleaning. Some 
operators prefer a mixture of sand and shot, 
thinking that the action is faster and therefore 
cheaper. 

A method of loosening the scale when heat 
treating forged steels is to use carbon tetra- 
chloride in the heat treating furnace atmos- 
phere. The loose scale is then easily removed 
from the heat treated parts and the cleaning 
cost is reduced, at an expenditure of about one 
quart of chemical per 
ton of forgings. A brick 
is usually soaked in 
carbon. tetrachloride 
and thrown in the fur- 
nace after the parts 
have reached the heat 
treating temperature. 
This method is particu- 
larly useful for the 
higher nickel steels 
which ordinarily form 
a tight adhering scale. 
The method, however, 
must be used in well- 
ventilated premises, 
since carbon tetrachlo- 
ride burns in the fur- 
nace and gives off free 


chlorine gas. 


Chlorine seems to be the active element, 
because a few vears ago some publicity was 
given to the scheme of loosening scale on nor- 
malized forgings with sizable flat areas (such 
as front axles for automobiles) by dipping them 
in chloride solution just before entering the 
hardening furnace. The scale appeared to 
loosen while at the hardening heat so it could 
be easily jarred loose. [See also the note on 
“dry pickling” with chlorine gas, page 382. | 

A recent proposal for the descaling of bil- 
lets with oxyv-acetvlene flame may have some 
interest in this connection. Multi-flame tips are 
mounted on a carriage in such number that they 
cover the surface to be de-scaled, and a fairly 
rapid traverse cracks off the scale as a result of 
its rapid thermal expansion. Wire brushing 
leaves a tinted, warm surface, said to be an 


ideal base for painting or lacquering. 


Die Design and Die Steels 
By H. Replogle 


\ 
Stee! 


Sanderson Bros. Works, Syracuse, N. ‘ 

HEN TAKING STOCK of the improve- 

ments shown at the end of the vear in any 
particular field, it is seldom found that these 
improvements are spectacular. Rather, there 
seems to be a general movement upwards which 
results in small but important savings, as well 
as higher quality products. This would seem to 
be the case in the field of forging dies, 


As regards material 


dling, active and carefully 
planned experimental work 
is proving the benefits to be 
derived from closer control 
of temperatures and atmos- 
pheres in furnaces used in 
heating forging © stock. 
Within practical limits, it is 
apparent that the proper 
selection of forging temper- 
atures and atmospheres per- 
mits forging to be done with 
desirable flow characteris- 
tics as well as minimum die 
wear. Each general type of 
steel seems to have a “crilti- 
cal” as regards the combina- 


tion of temperature and 


as atmosphere which  consist- 
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ently gives good results as far as speed of pro- 
duction and die costs are concerned, 

Requirements for more accurate forgings 
plus better forging equipment have caused the 
forger to turn more and more to insert dies, 
using higher heat and abrasion resistant die 
steels. Accurate fits between dies, bolsters and 
machine or hammer are now accepted as being 
necessary and of exceptional influence on die 
life. Care in mechanical set-up is being stressed 
by all good forging concerns. 

A practice adopted completely by some 
organizations has been the use of “pre-cracked 
dies”, or dies made in sections and parted at the 
line of greatest stress or weakness, and assem- 
bled into a rigid block. This has allowed the 
use of hot work steels of higher red hardness 
and abrasion resistance than would be possible 
with a solid die, as well as dies at higher hard- 
nesses than ordinarily thought possible. This 
practice should be seriously considered and 
studied by all in the forging field. 

The influence of pre-heating and die tem- 
peratures is being studied extensively. Indica- 
tions are that minimum die temperatures 
should be maintained. In some cases this has 
been accomplished through the use of buried 
unit electric heaters. Such dies are reported as 
definitely less subject to heat checks than dies 
allowed to become cold between shifts or which 
have steep temperature gradients in the die 
proper when forging begins. 

The relationship of surface finish and 
resistance to heat checking, as well as the rela- 
tionship between hardness and heat checking 
has been clearly established. Peter Payson, 
head of our Research Laboratory, finds that 
specimens subjected to an accelerated test 
develop checks in conformation with the line 
of polishing. As regards hardness, he has also 
shown that within working limits of hardness 
of certain of the tungsten-bearing hot work 
steels, hard specimens are no more susceptible 
to heat checking than softer ones. Additional 
research along this line is definitely scheduled 
and this should amply justify original work on 
the part of die designers to produce dies where 
stresses are minimized, and should encourage 
the production of dies as free from tool marks 
as is commercially practical. 

During the past year the position of the 9% 
tungsten hot work steel seems even better estab- 
lished than hitherto. This is particularly 
noticed in the field of punches for hot metal, as 
well as insert dies for both ferrous and non- 


ferrous forging. Particularly in the field of 
gripper dies on automatic machines, the inter- 
mediate chrome-vanadium-low molybdenum 
type of hot work steel seems to have a favorable 
combination of toughness and wear resistance. 
In the field of forging dies proper, the interme- 
diate chrome-tungsten-molybdenum type pos- 
sesses excellent resistance to both wear and 
heat checking. 

It would appear that further improvements 
during the coming year will be contributed 
mainly by the forging equipment builder, the 
die designer and the forger himself. Hot work 
steels of the higher alloy types have been suc- 
cessfully applied on practically every difficult 
forging problem. It remains for the industry to 
improve on these advances, applying them to 
their own problems as rapidly as possible. 


Massive Forgings 


By John L. Cox 
Chief Engineer, The Midvale Co 
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N the business of massive forgings there has 
been but little change in the situation 
described last year. 

Plant for the production of large weldless 
rings, of which the prospective installation was 
then announced, has now been completed and 
is in operation, 

The needs of the rapidly expanding Navy 
necessitate an increase in the existing equip- 
ment for the prompt production in quantity of 
the large forged parts required, which is now 
under way. 

The tempo of business in heavy forgings 
has been distinctly quickened by this Govern- 
mental activity. 


Drop Forgings of Steel 


By Waldemar Naujoks 
Chief Engineer 
Steel Improvement & Forge Co 
Cleveland, Ohio 


GLANCE IN RETROSPECT reveals revolu- 
tionary changes in forging practice and 
technique during recent years. All types of 
forging equipment have shown valuable 
improvements, A new gravity drop hammer, 
using a steel rod instead of boards, was intro- 
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duced recently. Forging materials number 
many additions including leaded carbon steels, 
an augmented commercial list of structural alloy 
steels, increased variety of stainless irons and 
steels, and many new compositions in the non- 
ferrous forging metals. 

Designs of forged parts show many new and 
more complicated shapes with reduced permis- 
sible draft. This is accompanied with specifica- 
tions for selected grain sizes and grain structure 
as well as narrowed composition ranges. Inspec- 
tors ask for improved surface conditions and 
closer tolerances. Forging practice has covered, 
indeed, much ground during a short span of 
time in striving to maintain its reputation of 
being as reliable and strong as Gibraltar. 

Several basic problems are receiving serious 
consideration. Newer and tougher forging 
metals demand improved die steels over those 
which are highly alloyed now. Leaded alloy 
steel blocks have been tried to permit machin- 
ability at higher hardnesses for greater die 
wear; it is too early to appraise the results. 

Attention has been given to furnace design, 
temperatures, and atmospheric control in the 
belief that improved furnace conditions may 
solve some of the forging difliculties on the 
tougher and more sensitive metals. 

The demand for cored and undercut sec- 
tions in forged parts has led to some work in 
arc welding two or more forgings together. 
Through improvements in forgings and the arc 
welding process, continued experiments can 
develop some interesting and useful results by 
which welded forgings will show merit for many 
applications. 


Light Metal Forgings 
By A. A. Handler 


Aluminum Co. of America, Cleveland, Ohio 


ROM THE STANDPOINT of total tonnage 
purchased over a period of years, the air- 
craft industry has been by far the outstanding 
market for aluminum alloy forgings. Its steady 
demand for strong, light weight parts has been 
a major impetus to the development of new 
alloys and forging technique. In turn, these 
improvements have increased the range of 
characteristics of aluminum forgings and hence 
the kinds of applications have greatly increased, 
From propeller blades and engine parts, the 
use of aluminum forgings in aircraft spread to 
stressed fittings, wing spars and main parts of 
landing gears. The service record of the older 
applications, especially that of propeller blades, 
has been most noteworthy. New alloys intro- 
duced since the earlier ones were first used, 
combined with improved techniques, have made 
possible forgings that are remarkably intricate. 
Strong aluminum alloy forgings now have 
a background of many years’ experience in the 
aircraft field. This record of successful per- 
formance has paved the way to applications in 
other fields to such an extent that uses other 
than aircraft (as well as in aircraft) have shown 
important gains. 

To illustrate the wide diversity of applica- 
tions, one can cite such things as hack-saw 
frames, typewriter levers, supercharger impel- 
lers, rayon spinning buckets, trowel handles and 
diesel engine pistons. 

Aluminum alloy forgings have definitely 
won their spurs among the common forms of 
strong, light weight metal parts available to the 
product designer. Their characteristics and 
application possibilities are definitely known, 
and they should be considered wherever a high 
strength, light weight part of uniformly dense 
structure is desired. 

Pressings, a relatively new form of forgings 
in aluminum alloys, have likewise made notable 
progress in the past few years. They are made 
of heat treated alloys, are often surprisingly 
economical and, because they are pressed 
that is, formed in one stroke of a press rather 
than by repeated blows of a hammer — may be 
produced with dimensional tolerances much 
closer than are ordinarily possible with hammer 
forgings. Closer tolerances not only reduce the 
amount of metal per piece but also reduce 
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machining time and cost. In fact, for many 
pressings machining is eliminated altogether. 
In addition to being uniformly strong and sound, 
they are highly resistant to corrosion, 

While the use of magnesium alloys is more 
widespread abroad than in this country, mag- 
nesium alloy forgings have been currently 
developed along with aluminum forgings and 
are becoming recognized for their unique com- 
bination of extreme light weight and good 
strength. Here again the demands of the air- 
craft) industry have stimulated development, 
and every vear is finding more and more use 


for magnesium alloy forgings. 


Forging the Nickel Alloys 
By Fred P. Huston 


Development & Research Divis 


RODUCTION of sheets, tubes, rods, and 

other rolled and drawn forms of nickel and 
the high nickel alloys in our works depends 
upon the forgeabilitv of these materials. Forg- 
ing of the ingots by hammering is the first 
operation following casting and overhauling. 
This is done in order to break down the cast 
dendritic structure, a matter usually accom- 
plished in ferrous and most other non-ferrous 
materials by rolling. The standard ingot cast 
at the Huntington (W. Va.) mill is 1f in. square 
in cross section and weighs about 3000 Ib. Rec- 
tangular ingots for forged slabs used for the 
rolling of hot rolled plate and special ingots for 
heavy hammer forgings are produced = in 
weights to 13.900 Tb. 

The ingots are heated in sulphur-free gas- 
fired furnaces under pyrometric control and 
proportioned gas-air atmospheric control. The 
temperature is controlled at about 50° F. higher 
than the forging temperature and the atmos- 
phere is controlled at about 1.5%) CO. 

Forging is done under a_ 16,000-Ib. steam 
drop hammer with rapid, full force blows. The 
li-in. square ingots are brought down to &x& 
in., TIN’ in. and similar sized billets for the 
merchant mill. 

The ideal conditions of heating and forging 
nickel and the trade-named alloys Monel and 
Inconel in the manufacturer's works, are 
approached closely in many plants throughout 
the country producing both drop hammer and 
die forgings. relatively small number of 


plants have available the ideal gas fuel for 
heating, but equally good results are obtained 
with low-sulphur oil fuels in properly designed 
furnaces. These shops meet the required condi- 
tions of temperature and atmospheric control, 
rapid heating, minimum time allowed for soak- 
ing, and hard and rapid working to accomplish 
as much reduction as possible on each heat so 
as to limit the number of reheats. 

Virtually any forged shape now obtainable 
in ferrous and other non-ferrous materials can 
be produced in nickel and the high nickel alloys 
by following the practices outlined above. 

Although the hot extrusion of nickel and 
high nickel alloys has not been given a great 
deal of attention in this country, such sections 
as tubes, turbine blading, rounds, and irregular 
shapes, are being hot extruded in regular pro- 
duction abroad. The heaviest sections are pro- 
duced in hydraulic extrusion presses of 2000 
tons capacity, 

Another advance has been made in the 
production of forged rounds of high tensile 
regular Monel for shafting, and other shapes 
for special purposes, by cold hammering, that 
is, hammering at temperatures under about 
1100° F., to vield good properties in this lower 
priced metal. A typical example of the proper- 
tics obtainable is represented in a test on a gate 
shaft 6 in. in diameter. A test piece cut from 
the center of one of these Monel shafts showed 
a vield point of 74.500 psi., a tensile strength of 
99,000 psi. with elongation in 2 and 
reduction of area. 
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Furnaces 


and Refractories 


Refractories in Prospect 


By J. M. McKinley 
Vice-President, North American Refra tories Ci ympany 


Cleveland ( Yhio 


ECHNICAL and trade paper literature bear- 
ing upon refractories and their applications 
industrially, published in the last few years, has 
been voluminous. The data presented formulate 
a new comprehension of the essential character 
of refractories. Prior to 1930 it may be assumed 
safely that the refractory producers comprised 
one of the numerous heavy goods industries 
turning out a bulk product; as rapidly as scien- 
tific and engineering data could be assimilated 
various lines of refractories were improved and 
new ones created, tending to convert all types 
of refractories plants to producers of shop spe- 
cialties. The past ten years has been a con- 
version period with the industry literally in a 
state of flux. The most significant trend, in fact 
the governing trend, in this whole development 
has been the patent fact that refractories as 
utilized in most of our major industrial opera- 
tions became the key to low costs as well as 
improved products. Even the most sanguine 
review of the past ten years cannot assume that 
either the producer of refractories or the con- 
sumer has as yet consolidated his gains. 
Twenty years ago the industry realized that 
a fire brick was not “just a fire brick”. Step by 
step fire brick makers have become conscious 


of the infinite variety of service requirements 
leading to the development described in the 
foregoing paragraph. From rudimentary meth- 
ods of determining a suitable refractory for a 
given service, the industry began its attempts to 
correlate service conditions with logically engi- 
neered materials. Looking forward, it is obvi- 
ous that this method of handling refractories 
will dominate the future. 

This situation is so obvious that recently it 
has been taken for granted by both producer 
and consumer to such an extent that some vital 
factors are being overlooked. From the very 
start of the movement it was plain that refrac- 
tories producers would be confronted with plant 
obsolescence to an increasing degree, yet it is 
doubtful even today if the full extent of this fact 
is appreciated. For example, size tolerances 
have been narrowed steadily, and this of itself 
is causing a revision of process. A further dif- 
ficulty of major importance has arisen from the 
introduction of new refractory materials, some 
fabricated on definitely new systems and others 
blended with older standard materials. The 
ultimate adjustment of this factor is now far 
from accomplished, and it probably represents 
the greatest problem before our industry since 
it involves radical revision of equipment and 
production methods. 

Heavy capital expenditures are indicated in 
the next decade, as well as the complete revision 
of the economic structure in the industry. 
Examination of the production flow sheet of 
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typical plants of ten yvears ago reveals consid- 
erable simplicity, which is being slowly eradi- 
cated by the new variables entering the market, 
so that an up-to-date plant must now represent 
not only an increased capital investment but a 
lower production vield on the same or compar- 
ative capital investment. 

This metamorphosis of the industry is the 
product of consumer demand and it is to be 
hoped that, in the forthcoming period of devel- 
opment, the consumer will keep alert to an obli- 
vation which he himself owes the refractory 
makers. Every adaptation of a given refractory 
to a service condition primarily involves com- 
plete engineering data covering the consumer's 
requirements in a particular unit, but consum- 
ers have not been nearly so keen to supply these 
data as the refractory producer has been to sup- 
ply a better fire brick. This, of course, is not 
universally true, but it is true enough in a suffi- 
ciently large number of cases to make the point 
worthy of mention. 

Trial-and-error methods characterized the 
‘arliest endeavors to improve the service of 
refractories, and these methods still prevail to 
some large extent. It is not suflicient for the 
needs of the case that the consumer should pro- 
vide adequate control apparatus in his own 
operation; it is equally mandatory that he know 
the fundamental reactions involved in the rela- 
tionship of his processing to the refractory in 
use. A typical instance is found in the blast 
furnace where it is conceded that a more efli- 
cient brick is needed in the bottom blocks and 
especially in the lower inwall; vet in both cases 
fundamental data are lacking and it is only 
recently that blast furnace operators have set 
themselves to study these conditions, 

The full significance of this problem is best 
revealed when attempts are made to draw speci- 
fications. These obviously must be based on 
test procedure of a purely laboratory character 
or upon some type of simulat- 
ive service. Fundamentals of 
our present specifications must 
be recognized as more or less 
inadequate, and fire brick users 

along with producers 
have a difficult task ahead of 
them in correlating service 
conditions with some type of 
control testing. Existing efforts 
must be viewed as an approxi- 
mate solution of the problem. 
The consumer has a big stake 


in this development because, in industry after 
industry, the limiting factor of development is 
frequently the problem of the necessary 
refractories. 

Progress made in the last ten vears has laid 
a fine foundation for developments in the next 
ten vears. Even limited experience with the 
problems involved reveals an increasing friend- 
liness and cooperation between those engaged 
in the work. Attempts to interpret existing data 
result in a great deal of confusion, and it is 
highly worth while to note that the industry is 
working ahead with the right sort of human 
understanding. Such an understanding must 
embrace appreciation of the severe economical 
dislocation which can occur in a supply indus- 
try that is confronted with the problems now 
before the producers of refractories. 


High Temperature 
Refractories 


By John D. Sullivan 


C thief (Chemist, Battelle Memorial Institute 
( lurnbus, ( Yhio 


NE OF THE GREATEST BOONS to the 

metallurgical industry has been the devel- 
opment and improvement of special high tem- 
perature refractories. These may take the form 
of pre-fabricated shapes or of loose materials 
lo be used for the construction of furnace parts, 
for repairing, or use in conjunction with fabri- 
cated forms. An additional classification is that 
of special or rarer refractory materials for 
crucibles and induction furnace linings, and for 
containers that will not react with or contami- 
nate their molten contents. 

Most metallurgists are familiar with pre- 
fabricated forms of high temperature refrac- 
tories, such as brick, tile, block, and special 
shapes consisting principally of silicon 
carbide, corundum, and mixtures 
based on the sillimanite group of alu- 
mino-silicate minerals. Somewhat less 
familiar to metallurgists, but common 
to glass manufacturers, are electrically 
fused mullite blocks used extensively 
in the construction of glass melting 
tanks. These pre-fabricated shapes are 
used ordinarily where some specific 
property is required — for example, 
high refractoriness, resistance to corro- 
sion, erosion or abrasion, high thermal 
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conductivity, or unusual load-bearing ability at 
high temperatures. 

In many respects, however, the special 
refractories of much more interest to the metal- 
lurgical industry are granules or mortars, not 
pre-fabricated into shapes. These may, in gen- 
eral terms, be classed as mortars, coating mate- 
rials, ramming mixes and castables (although 
the last-named group cannot be used where 
extremely high temperatures involved). 
They may take the form of acidic, neutral, or 
basic mixes. Remarkable advances have been 
made in the last decade in all these products, 
and improved and new products have contrib- 
uted in no small measure to recent metallur- 
gical achievements. 

There has been a general improvement in 
high temperature bonding mortars, brought 
about in part by greater attention to grain size 
and to the selection of proper materials for a 
particular job. 

Ramming mixes are perhaps the most inter- 
esting of the special refractories, and are used 
both for the original construction of furnace 
units and for patching to prolong furnace life. 
Extreme care is exercised in the selection of 
proper grain size and in making the mixes 
workable. Among these materials raw or cal- 
cined cyanite is finding extensive use in the 
alumino-silicate mixes. 

A good example of a ramming mix that 
has contributed to the metallurgical industry 
is the plastic chrome used for basic openhearth 
furnace bottoms. So important has this become 
that practically every bottom now being put in 
employs this tvpe of mixture. Ramming mixes 
are also used extensively in the construction of 
the bottoms of heating furnaces. There has 
been a gradual improvement in the quality not 
only of chrome but also of magnesia and alu- 
mino-silicate and other high temperature ram- 
ming mixes. 

Crucibles and induction furnace linings, 
while used in smaller tonnages, are nevertheless 
important both to the metallurgical and ceramic 
industries. Marked advances have been made 
in manufacturing technique and in the prop- 
erties of the products.  Crucibles composed 
principally of magnesia, zirconia, beryllium 
oxide, corundum or mullite are readily avail- 
able, at least in the smaller sizes, 

The metallurgical industry can look for- 
ward to continued improvements in special 
refractories, and the refractories manufacturer 
can likewise expect extension of their use, 


By J. B. Austin 


Kearny, N. J 


FIELD OF INSULATION for tempera- 
tures above 2000" F. remains about where il 
was a vear ago, no new or outstanding products 
of general application having been developed 
recently. There is, however, one special mate- 
rial that deserves mention, namely, ceramic- 
covered cork granules for use on top of ingots 
during freezing. It has been stated that by their 
use ingot tops are kept molten for 65 min., as 
compared with 12 min. when sand is used. 

In contrast to the relative inactivity in the 
high temperature field, there have been marked 
advances in insulation for temperatures below 
2000" FF. For example, there has been a great 
increase in the use of mineral wools which are 
mixed with asbestos fiber, clay or other suitable 
materials, and are made into blocks, bricks or 
coatings. The physical properties and thermal 
resistance of these products have been substan- 
tially improved. A number of different kinds 
of wool are now being used, including rock 
wool, glass fiber, and slag wool made from iron, 
lead or copper slags. The phenomenal growth 
of the mineral wool industry is well illustrated 
by the fact that within the last five vears the 
value of the annual production has increased 
from 31,700,000 to some S30,000,000, About two 
thirds of this output now goes into insulation 
for buildings, but an increasingly larger per- 
centage of it is being used for high temperature 
insulation, and much attention will probably be 
given to this application during the future. 

The use of expanded mica (vermiculite) 
granules is likewise increasing. This material, 
Which is available in a number of different 
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forms, will undoubtedly find wider application 
in the near future. 

To the group of materials for use at tem- 
peratures up to 900° F. two interesting products 
have been added. The first is an asbestos- 
silica board originally intended as a fireproof 
wall material for ships. It has strength enough 
for screws and nails to be driven into it, is proof 
against fire and moisture, and yet has a very 
low thermal conductivity. This material has 
promise as an insulator for ovens or any other 
application in which the maximum continuous 
temperature does not exceed 900° F. The other 
development is the iron oxide, calcium sul- 
phate insulating block or board made by treat- 
ing waste pickle-liquor with lime. In view of its 
low thermal conductivity and the fact that it 


utilizes a waste product, this material is attract- 
ing considerable attention. 

The newly developed silica aerogel is 
remarkable because of its low thermal conduc- 
tivity, the conductivity of some samples being 
less than that of still air. This material is trans- 
parent to infra-red light and must be made 
opaque by addition of finely ground silicon 
before it can be used above room temperature. 

The much-debated question of whether the 
use of insulation may not increase the heat con- 
sumption in a furnace operating intermittently 
seems to have been settled. It is fairly evident 
now that the use of insulation does not lead to 
a higher heat requirement, for the extra heat 
lost by storage in the insulation would be lost 


through the wall if insulation were not used. 

The prevailing dissatisfaction with meth- 
ods of testing insulating material, and the 
increasing interest in fundamental data on vari- 
ables influencing thermal conductivity, are 
reflected by the formation of a new Committee 
C-16 on Thermal Insulation Materials by the 
American Society for Testing Materials, and 
the fact that two symposia on thermal insula- 
tion have been scheduled by large technical 
societies. One sponsored by the American Soci- 
ety for Testing Materials was held in Columbus 
in March; another was held by the American 
Chemical Society at Baltimore in April. 

One of the main problems facing those 
interested in insulation is improvement of meth- 
ods of measuring thermal conductivity at high 
temperatures. A great deal has been accom- 
plished in the past few years but much still 
remains to be done. In particular, the problems 
of how properly to measure the surface tem- 
perature of a specimen, of how best to measure 
the heat flow, and of how to prevent serious 
warping of the specimen because of the non- 
uniform distribution of temperature during 
test, have not been satisfactorily solved. 


Combustion of Gas 


By ( ). Howell 


Industrial | naineet 


HE ESSENTIAL REQUIREMENTS for satis- 

factory burning of gas for the production of 
heat are well understood and simple in nature, 
but constant care is necessary if the actual con- 
ditions are to be kept at the desired optimum. 
Combustion of gas may be completely controlled 
by the manner of mixing the gas and air. Short, 
high temperature flames involving high inputs 
per unit of furnace volume (as in certain boilers 
and chemical operations) and requiring water- 
cooled walls for proper utilization may be pro- 
duced by completely mixing gas and air in the 
proper proportions prior to combustion. At the 
other extreme, introduction of either concentric 
or parallel layers of gas and air in the correct 
proportions, as for luminous flame and radiant 
tube furnaces, will produce a long flame having 
a highly uniform heat release over a large por- 
tion of its length. It is equally simple to heat 
large volumes of air or liquids to relatively low 
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temperatures, where it is desirable to maintain 
a small temperature differential between the 
heated material and the heating medium — as 
in convection heaters and certain cleaning or 
pickling operations. Whatever the require- 
ments may be, whether established by limita- 
tions of refractories or by characteristics of the 
material being heated, a suitable gas mixing 
and combustion device is available, complete 
with controls. 

Attention has therefore recently been more 
centered on certain chemical and physical prob- 
lems involved in combustion. The problems of 
controlling the combined chemical and physical 
effects of the flue products on the heated work 
are much more difficult than the problems of 
controlling the thermal effect alone, but where 
finished surfaces are to be protected (or altered) 
at the same time they are heated, and the 
objects are finished to size and have limited 
tolerances — then chemical control becomes a 
necessity. 

Realizing the need for fundamental infor- 
mation on the chemical characteristics of flue 
gases, the Committee on Industrial Gas Research 
of the American Gas Association has been 
studying the thermal and chemical aspects of 
combustion for a number of years. Bulletins 
723, 746 and 748 of the A.G.A. Testing Labora- 
tories present the results of earlier studies of 
the effect of oxidizing atmospheres on combus- 
tion. In these studies, rates as high as 9,000,000 
B.tu. per cu.ft. of combustion space were 
employed. While complete results are given 
in the various bulletins, it was found, for exam- 
ple, that only 1‘ oxygen or about 5% excess 
air was required in the products to repress com- 
pletely the formation of CO and Hy, in the prod- 


ucts at 2600° F., provided the gas and air were 
adequately premixed. 

Our more recent investigations have been 
in the field of reducing atmospheres. They have 
covered all air-gas mixtures readily flammable 
in a water-cooled wall or ceramic wall furnace 
or burner tube, and having less than the amount 
of air theoretically required for complete com- 
bustion. Of course the oxidizing or reducing 
nature of such atmospheres may depend on the 
characteristics of the heated material as well as 
on the proportions of air supplied. 

Although the investigation of reducing 
atmospheres has not been completed, it is 
apparent that such atmospheres are chemically 
much more “fluid” than oxidizing atmospheres, 
because of their sensitivity to temperature 
changes and rates of temperature change. The 
CO:CO. ratios and other important chemical 
characteristics may be changed by temperature 
changes, and “frozen” at desired values by 
quick cooling prior to the removal of water 
vapor or other treatment. Whether the prod- 
ucts are to be used directly or treated, changes 
in input must be made with great care, since 
the resulting changes in temperature gradient 
may change the chemical composition of such 
a variable and complex gas mixture. Where 
treated and untreated mixtures are brought in 
contact with cold work to be heated or hot 
work to be protected or surface treated, con- 
sideration must be given to the temperature 
history of the gases before contacting the work 
if undesirable chemical or thermal results are 
to be avoided. 

All indications point to a need for careful 
adjustments and precise control of all condi- 
tions in the utilization of reducing atmos- 
pheres. Their potentialities have barely been 
approached. Some of the difliculties experi- 
enced in this field have arisen from a failure to 
realize the intimate relationship between tem- 
perature, time, and chemical composition. If 
temperature changes are too rapid, changes in 
chemical composition may lag until accelerated 
by contact with the work. Where these rela- 
tionships have been appreciated, knowledge of 
combustion fundamentals has often been so 
limited that results could not be predicted. 

In the face of such obstacles, great improve- 
ments have been made in equipment for pro- 
duction and control of special atmospheres 
from fuel gases. Apparatus is now available 
for the preparation of atmospheres highly use- 
ful in many specific applications. 
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Clean Blast Furnace Gas 


By P. F. Kinyoun 
(Combustion Engineer, Bethlehem Steel Co. 
Lackawanna, N. Y. 


ay THE MODERN STEEL PLANT, blast fur- 

nace gas is used for heating hot stoves, in 
engines for blowing the furnace and generating 
electric power, and as fuel for boilers, metal- 
lurgical and heating furnaces and coke ovens. 
In most plants, the entire production of gas is 
first cleaned in primary static washers and then 
some portion further cleaned in secondary 
units, such as disintegrators, electric precipita- 
tors, or drum-type Theisen cleaners. The pri- 
mary cleaned gas — which carries from 0.15 to 
0.20 grains of dust per cu.ft., as well as entrained 
moisture — is usually sent direct to hot stoves 
and boilers. That portion of the total for 
engines, heating or metallurgical furnaces and 
coke ovens, is further cleaned by one of the 
methods mentioned above. This secondary 
cleaned gas contains from 0.01 to 0.015 grains 
of dust per cu.ft. and is practically free of 
entrained moisture. 

Even though primary cleaned gas is used 
in many plants in the hot stoves and boilers, it 
is done with a penalty. Due to its high dust and 
moisture content, modern small-checker hot 
stoves cannot be used and, in a boiler plant, the 
cost of upkeep is high and the efficiency is low. 
Some plants have therefore installed secondary 
cleaning equipment, Its first cost is high and 
the cost of operation, with the exception of the 
electric method, is approximately four times 
that of a static washer, depending somewhat on 
the unit cost of electric power and water. Dis- 
integrator cleaned gas for the hot stoves of a 
1000-ton blast furnace will increase the cost of 
cleaning as much as $10,000 per vear. 

Gas with low dust content (0.01 to 0.015 
grains per cu.fi.) is a desirable fuel for both hot 
stoves and boilers, and is required for furnaces, 
coke ovens and engines, but it is believed that 
gas containing from 0.04 to 0.05 grains of dust 
per cu.ft. and free of entrained moisture would 
serve hot stoves and boilers equally as well as 
gas containing 0.01 to 0.015 grains. 

The need in the industry today, therefore, 
is a primary washer costing about the same and 
with an operating cost about equal to the pres- 
ent static washer, but able to clean and deliver 
dry gas down to 0.04 to 0.05 grains of dust per 
cu.ft. Several full sized primary cleaning units 


of a modified design are now in operation 
throughout the country and are reported to be 
delivering such gas with a great improvement 


in moisture content as compared to ordinary 
static washers. The cost of these washers is 
said to be approximately that of the conven- 
tional spray type and if fully successful should 
open the way to substantial savings in present 
cleaning costs for hot stoves and boilers now 
using finely cleaned gas, and increased efli- 
ciency for such units now using the usual pri- 
mary washed gas. 


Use of Open Flames 


By G. de ric 
Resear Surfa: e ( ‘ombusthic T) ( 
Toledo, Ohi 


OF A FLAME to a metal sur- 

face for the purpose of relieving strains at 
focal points has long been practiced. The most 
recent use made in the application of this old 
method is in the development of strand anneal- 
ing for copper wire. Its particular virtue lies in 
the fact that copper can be heated and remain 
unoxidized if the enveloping atmosphere be 
devoid of free oxygen. As is well known, a 
burning gas flame, supported by a proper ratio 
of air to gas, is free from uncombined oxygen 
in that portion of the flame which is just 
beneath its extreme point. A strand of copper 
wire if passed through a continuity of such 
flames can be heated to annealing temperature 
without tarnishing its surface. 

This scheme necessarily involves very accu- 
rate burner design and fabrication as well as 
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In addi- 
tion highly developed machinery is required 
for feeding the wire through the flame, for 
rewinding the annealed wire, very close control 


very careful control of combustion. 


of speeds and infinite speed variations to suit 
An experimental 
unit with a flame 9 ft. long, together with its full 
complement of machinery, 
has been under test in 
laboratory experimenta- 
It has 


varying degrees of anneal. 


tion for some time. 
been so successful that a 
new burner 27 ft. long is 
now going into a copper 
wire plant as the first pro- 
duction unit. 

The successful opera- 
tion of this unit will open 
another field for similar 
applications, not only in 
the copper wire industry 
but in others as well 
where rapid and controlled annealing is desired. 
Once again a new tool is being made available 
to the metallurgical industry in speeding up 
operations, simultaneous with a more accurate 
control of the desired result and with overall 


lower operating costs. 


Convection Heating 


revolutionizes furnace design 


By Cary H. Stevenson 


Lindberg engineering Co. Chi ago 


N ATTEMPTING to peer into the future of 

convection heating | am reminded of the 
‘arly history of the electric furnace industry. 
The first electric furnaces were built by fuel 
furnace engineers, and were simply fuel fur- 
naces with the burners and flues omitted, and 
elements installed along the sides of the furnace 
where the burners would have been. As a mat- 
ter of fact, in the early days more than one 
attempt was made to change fuel-fired furnaces 
into electric furnaces by simply putting ele- 
ments in them. 

But as experience 
found that this new method of industrial heat- 
ing had peculiarities of its own; some advan- 
Wall thicknesses 
Heating ele- 


accumulated, it was 


tageous, and some otherwise. 
and wall materials were changed. 
ments were located on other surfaces of the 


furnace in some cases, even on the inside 


3 
% 


surface of doors and covers. New furnace 
mechanisms were found applicable in_ the 
absence of high flame temperatures. Atmos- 


pheres of all kinds could be introduced, and 
this important phase of furnace operation was 
Merely the adapta- 
tion of a new type of heat-source had changed 
the entire 
details of 


advanced considerably. 


the design of 
equipment 

design which at first 
have 


the 


would not seem to 


any relationship to 
heating medium. 
In much the 
way convection heating is 
the 
even more 
effect, the 
design of furnaces, meth- 


same 
effecting, and in 
future will 
drastically 
and 


ods of handling, 


atmosphere applications. 

For example, batch type 
furnaces with deep bulky loads in containers are 
in many cases preferable to continuous fur- 
naces where the work is spread thinly on con- 
veyors, This is true because modern convection 
heating can heat a bale of steel wool as easily 
as an equivalent amount of steel in the shape 
of a single plate. 

The tendency will be more and more evi- 
dent to reduce cross sectional area of heating 
chambers in order to increase velocities. 
Thought will be given in the loading of convec- 
lion furnaces to eliminate any detouring of the 
blast around the work. The complete elimina- 
tion of radiant heat from the heating source and 
even its reflection should be expected. 

Convection heating involves many atmos- 
phere problems which will have to be solved, 
particularly in the non-ferrous field, where the 
temperatures of convection heating fit so well. 
We no longer have the simple solution of seal- 
ing the work in the retort, for fan, ducts, heat- 
ing medium and work must all be within the 
enclosure. Muffles in fuel-fired furnaces 
practically ruled out, but fortunately radiant 


are 


tubes will permit gas to be used as a source of 
heat. I also believe that the furnace engineers 
are beginning to question that part of their old 
textbooks which limited the advantages of con- 
vection heat to temperatures below 1200° F, 
The future of convection heating will there- 
the 


themselves to 


concerned more and more with 


development of the 
obtain the inherent advantages of the method. 


fore be 
structures 
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Equilibria for Gas-Steel Reactions 


Relation Between Gas Composition, Temperature, and Carbon Content in Steel 


Temperature, °C. Temperature, °C. 
800 900 1000 600 700 800 900 1000 
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© 0.0/ 90 10 
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x x 
© 0.02 80 20 8 
12 & S 
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0.04 $— & 60 Phases are 409 
. 
Ie « / (760mm.hg.] 
ourneal f. & p. 
0.06 40 60 
1400 1600 1800 2000 1200 1800 2000 
Temperature, F. 
Above Curves, Adapted by Stansel From Carburizing Reactions Depend on Carbon in Steel. Thus: 
Sykes’ Work, Indicate That Almost Pure H, 80% CO, 20% CO, at 1450° F., (point A) will carburize 
Decarburizes Hot Steel (Conditions Above 0.40% C steel and lower, but decarburize 0.80% C steel and 
and Left of Corresponding Curves). Methane higher. However 90% CO, 10% CO, at 1700° F., (point B) 
breaks down almost completely into carbon and is relatively inert to 0.20% C steels, will carburize lower 
hydrogen, carburizing steel (and depositing carbon and decarburize higher carbon steels. Partial pres- 
excess soot) at conditions below curves sures, i.e., CO+CO.<100%, raise curves and shift to left 
Beckers Curve for Curve A C. Tourve ~ by 
FesC+ Saturated 900 Murphy 2Jominy / A.lL.Marshall 
Solid Solution | CurveA al | | 1000 
1600 Curve 8 CO fon te fon 
1500 -| 800 
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1400 
750 690 
1000 
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4300 700 
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~ Steam inactive below 600°F 
1200 asso coo | | 
4] 0.2 0.4 CO, 0.6 0.8 1.0 0.2 0.4 0.6 08 1.0 12 14 
Ratio of ap in Mixture Ratio of Gases in, Mixture 
Action of Carbon Oxides Depends on Temperature. For Oxidizing Action of Steam May Be Counteracted 


instance, a dried atmosphere containing 6% CO, and 10% CO 
or ratio 0.6 (easily secured by partial combustion of fuel 
gas) would tend both to reduce and carburize at a 1225° F. 
anneal (Point a), but would both decarburize and oxidize 
at 1500° F. (Point a’). For “bright hardening” the CO, must 
be reduced well below Curve B (for instance, 1/10 the CO, 


as Point b, at 1500° F.). 


The above statements neglect the 


fact that the pressure of CO + CO, is less than 1 atmosphere 


by 20 Times As Much Hydrogen 
Larger proportions of steam may scale the metal 
during cooling (line b’-b). Oxidizing — and 
decarburizing propensities of moist gas may 
likewise be counteracted by carrying excess CO 
in the mixed carbon oxides present in the fur- 
nace atmosphere (for instance, CO. : CO = 0.5, 
or line B-B’, on the reducing side of curve A) 


(Line a-a’). 
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Electric Heating Furnaces 


By P. H. Brace 
Resear | abx ratories, Westinghouse lec tric Mfg ( 


East | itHtsburgh, Pe, 


URING 1939 the general trend of electric 

heating development has followed the 
lines of the previous year and several impor- 
tant details have been perfected. 

There has been a marked trend toward 
specialization of controlled atmosphere with 
reference to the material being treated. At least 
three distinct types of atmosphere, broadly 
classifiable as “rich”, “lean” and “inactive”, 
and based on controlled combustion of hydro- 
carbons, have been introduced commercially to 
meet the demand for “bright” heat treating 
processes. Demand at present is not only that 
bright surtaces be maintained but that the com- 
position of the exposed material remain unal- 
tered or else be changed in a predictable way. 

As new possibilities come into view, new 
exactions are made. Further advances will 
come as the kinetics of the gas-metal reactions 
involved are better understood. Refinement of 
control systems seems likely to play an impor- 
tant part in making the results of research 
available to the manufacturing engineer. 

Back of all this are specialized systems for 
producing the desired atmospheres. Electric 
heat plays an important part in the operation 
of many of these. 

There has been considerable experimental 
activily in electric furnace brazing in the non- 
ferrous field, alloys rather than copper being 
used as solder. Particularly accurate temper- 
atures and proper selection of atmospheres are 
important. Although this is a more difficult art 
than that of copper-brazing steel assemblies, 
increasing use may be expected, not only in the 
joining of non-ferrous parts but in other cases 
where the high temperatures necessary for cop- 
per brazing are detrimental. 

Bright hardening followed by bright tem- 
pering is coming into use, and the pleasing 
results obtainable with materials that can be 
gas-quenched lead one to expect almost a rev- 
olution in the heat treatment of such things as 
tools and dies. 

Considerable interest attaches to vertical 
continuous furnaces for the bright annealing of 
strip steel. In one of these recently put into 
operation a thermal cycle is applied that would 
require a horizontal furnace more than 200 ft. 


long! The floor space required is a small frac- 
tion of that necessary for the equivalent hori- 
zontal furnace and the mechanical and heat 
distribution problems seem to have been solved 
in a very satisfactory way. Furnaces of this 
type appear to offer very interesting possibil- 
ities where tonnage must be handled in special 
thermal cycles of not too great duration. 

Resistor materials, both metallic and non- 
metallic, are gradually being improved both as 
to life and permissible operating temperatures. 
Further invasion of previously inaccessible tem- 
perature ranges seems likely. In this direction 
ceramic-coated, refractory-metal heating ele- 
ments offer interesting possibilities, particularly 
for smaller furnaces where temperatures above 
2200" F. in oxidizing atmospheres are desired. 

Some urge continues for electric furnaces 
for ceramic work, but hopes along this line are 
clouded by high power costs. 

Inductive heating has been applied to the 
problem of localized heat treatment on a larger 
scale than heretofore. A recent development 
uses inductor systems of rather special design 
comprising special magnetic materials, and 
operates at the moderate frequencies obtainable 
from motor-generator sets. By this means quite 
remarkable amounts of power can be applied 
locally and some previously impracticable heat 
treatments have been accomplished commer- 
cially. Important developments along this line 
are to be expected as designers of mass produc- 
tion equipment become more familiar with the 
ability of inductive heating to completely 
mechanize and localize a heat treatment, and 
as economics make such processes profitable. 

The requirements of radio broadcasting 
have brought about the development of very 
reliable sources of power in the higher fre- 
quency range. The art of making and applying 
thermionic tubes and related apparatus has so 
far developed that it is now relatively easy to 
provide tens or even hundreds of kilowatts at 
frequencies of the order of 100,000 eycles per 
second under push-button control and readily 
adaptable to metallurgical requirements. 

Such frequencies make it possible to heat 
small parts with great rapidity —a ;,-in. steel 
bar to 2000° F. in & sec., for example. There 
appears to be considerable room for wider 
application of these higher frequencies where 
rapid, intense or highly localized heating is 
required not only for hardening but also for 
welding, brazing, upsetting and forging opera- 
tions where relatively small objects are dealt 
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Psychrometrie Chart. High Range 


By Donald B. Brooks; National Bureau of Standards. Publication M-146 
Sea Leve/ Equivalent , Dry Bulb Minus Wet Bulb, °F. (Scale EF) 
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with. Heating equipment of this 
type is likely to appear in the 
guise of machine tools in mass 
production lines. Here again the 
immediate rate of progress will 
hinge largely on the ingenuity 
of metallurgists, designers and 
production men. First cost of 
the electrical equipment 
involved is not out of line, con- 
sidering all things, but lower 


temperature as possible and 
still avoid conditions that will 
produce detrimental properties, 
for in this way the greatest 
economy is obtained. 

The heat treating plant rep- 
resents a large investment and 
must produce large tonnages so 
we design our furnaces to 
anneal as large a charge as can 
be handled in a practical man- 


prices will no doubt follow 
wider use and standardization 
of the requirements. 

To sum up, it appears that 
most of the advances in the electric heating art, 
in the near future, will result from bold appli- 
cation in mass production industries of the 
improved agencies now available for controlling 
electrical energy and transforming it into heat 
at desired points. It also seems likely that the 
design of equipment for manufacturing metal 
products (and the design of the products them- 
selves) will be altered in significant ways by the 
application of mechanized electric heating to 
the task of lowering costs and, possibly more 
important, accomplishing new things. 

Potent new tools are in the hands of the 
man who once toiled beneath the spreading 
chestnut tree! 


Furnaces for 
Annealing Strip-Sheet 


By James Be »wwden 
Chief | letallurgist Cleveland District 
Rey vublic Steel ( y Tp 


N A BRIEF COMMENT under the same title 
in last October’s MeraL ProGress, the writer 
indicated the relative merits of continuous 
annealing in a tunnel furnace and discontinuous 
annealing in boxes. The conclusions stated then 
still are true. Most of the sheet made in con- 
tinuous mills is annealed in boxes. Actual heat- 
ing and cooling cycles are controlled in the last 
analysis by the demands of the customer, but 
are so influenced by the prior history of the 
steel in the openhearth shop, reheating furnaces, 
hot mills and cold mills that it is difficult to 
write anything very specific about them. 
Since the physical and _ metallurgical 
changes in steel are speeded up as the tempera- 
ture increases, we like to use as high a furnace 


ner and still get the desired 
quality. In any event, they must 
be big enough in floor area to 
take the largest sheet on our list, 
which is approximately 8x20 ft. 

Such essential requirements of production 
are met by two different types of equipment. 
One is merely an improved stationary furnace 
The other 
has a stationary base carrying the load and the 
Either type may 


and the load is moved in and out. 


furnace is moved on and off. 
be heated by electric resistors, radiant tubes or 
open flames. In either type, the pile of sheets 
is contained in a tight box, which is in reality a 
muffle of relatively thin metal, and which also 
encloses a prepared gas, slightly reducing in 
nature, to protect the sheets from oxidation. 
The two types of equipment are about equal in 
over-all economy, as is proved by the fact that 
some of the new wide strip mills use stationary 
furnaces while others use movable furnaces. 

Republic’s new 98-in. strip mill in Cleve- 
land uses large stationary furnaces, and a 
special charging machine for handling the box- 
loads. They are fired with open gas flames and 
the protective boxes scale and warp after con- 
tinuous use. 

In both types of equipment, it is ordinarily 
rather difficult to get a nearly uniform tempera- 
ture from the top of the pile to the bottom, 
which makes it necessary to soak the charge for 
a number of hours to promote the drifting 
together of these two temperatures. This fea- 
ture (difference between top and bottom tem- 
perature) is one that is challenged in many 
ways and in the stationary type used by us, a 
plan of raising the pile up from the bottom to 
allow the circulation of the heating gases has 
helped considerably. 

Uniform temperature throughout the pile 
is of greatest importance. Assuming that the 
sheets are to be annealed at 1275" F., we cannot 
call the job done until all regions of the steel 


mass reach that heat (Continued on page 516) 
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Atmosphere Furnaces 
and atmosphere producers 


By Matthew H. Mawhinney 
( consulting 


Salem. Ohio 


UTSTANDING new developments in the 

past vear in the field of atmosphere fur- 
naces for metal heating are absent, but con- 
siderable progress was made in their wider 
application to all kinds of finished products. 

Notable examples of this progress are the 
many new furnaces for the annealing of wire, 
tubes, and strip, bright harden- 
ing and brazing. An outstanding 
application has been the success- 
ful annealing of stainless steel in 
strands in an electric furnace, 
using cracked ammonia gas for 
atmosphere. 

The non-ferrous metal indus- 
try has also kept pace in the 
further development of bright 
annealing equipment, with the 
installation of open furnaces for 
copper, and of bright annealing furnaces with 
separate generators for this and other products. 

Probably the most important progress made 
in the year has been in the methods of produc- 
ing protective gases and in the study of their 
action on the various steels and other metals. 
These still remain the two most important prob- 
lems to be solved. 

The necessity for removing carbon dioxide 
from cracked hydrocarbon gases in addition to 
thorough drying is now generally recognized. 
After several troublesome installations of “tet- 
ramine” equipment for this purpose, a method 
utilizing mono-ethanolamine has now been 
developed which promises success. Gases high 
in carbon monoxide and made from charcoal 
have been further developed and are attract- 
ing more attention as protective atmospheres, 
particularly where decarburization is to be 
prevented. 

Forecasting the future in this field, it seems 
logical to expect that the coming year will again 
be devoted to a better understanding and better 
use of present methods rather than the develop- 
ment of entirely new methods. The value of 
present methods has been only partly realized, 
and the problems of scale formation and decar- 
burization are still increasing in importance at 
a rate more rapid than the adoption of methods 


of preventing them which are now available. 

In the field of open fired furnaces, develop- 
ment can be expected in the control of atmos- 
pheres in soaking pits and in high temperature 
furnaces for process heating, such as billet heat- 
ing for rolling and forming where a great deal 
of trouble is vet experienced. Poor surface 
conditions and loss of carbon in this class of 
equipment constitute one of the most serious 
of all metal problems, but exact solutions such 
as are now possible in the finishing departments 
have so far been prevented by the necessity of 
heating to high temperatures and the bulky 
nature of the metal at this stage. A consider- 
able amount of investigation is 
going on with paints, compounds, 
and materials to be introduced into 
the furnace to reduce scaling and 
decarburization, and perhaps some 
discovery along these lines will 
result. 

In the finishing processes, 
where successful methods are 
already available, the develop- 
ments to be expected include sim- 
pler machines for preparing the 
atmospheres. Also it is to be hoped that knowl- 
edge will become more widespread of the 
applications of the gas best suited for specific 
conditions, and in the technique of using the 
gases so as to insure more consistent results 
with less necessity for highly skilled operators. 


Tool Hardening Furnaces 
By J. A. Comstock 


insulting Metallurgist 
Surfac ‘e ( y ynbustic mn Te sledo. ( Yhio 


QO ONE has as yet discovered the secret of 

burning fuel to produce simultaneously 
heat and metallurgically neutral products of 
combustion. (The exception to this is in the 
heating of nickel and copper and their alloys, 
such as monel metal.) This means that, to 
obtain maximum freedom from scaling and 
decarburization, it is necessary to separate the 
work chamber from the combustion chamber 
of a fuel-fired furnace. 

Gas-fired muffles with controlled atmos- 
pheres are in general use today as economical 
tool hardening furnaces producing highest 
quality work. Metallic alloy muffles are prac- 
tical up to 1850° F., while refractory muffles are 
available in two or more grades covering the 
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entire temperature range up to 2400° F. Muf- 
fle cost is a very small percentage of the total 
cost of tool hardening, where modern require- 
ments for tool surface have to be met. 

Improvements during the past year in muf- 
fle furnaces for tool hardening have come 
mostly from the adoption of methods of atmos- 
phere control developed in connection with 
large tonnage furnaces for mill heating opera- 
tions. Instead of the atmosphere generator unit 
being built as a separate piece of apparatus, it 
is desirable to build it integral with the tool 
hardening furnaces. This type of construction 
lends itself to the supply of a hot atmosphere to 
the work chamber or muffle, thus preventing 
any unbalance by cooling and reheating (the 
atmosphere having been balanced at the work 
chamber temperature in the integral generator). 

The importance of a balanced gas is obvi- 
ous from the equilibrium constants of the vari- 
ous gas systems at different temperature levels 

CO, K CO x H.O 
(CO)? “CO. X He 
Since gases are not heated by radiation (espe- 
cially if low in CO, and H.QO) a cold gas enter- 
ing a muffle will be heated by convection and 
conduction from the work itself, thus causing 
gaseous reactions to take place on the surface 
of the work with consequent damage to it. In 
many cases also the metal is a catalyst, causing 
these reactions to approach equilibrium on the 
surface of the work. Atomic reactions at the 
very surface must be controlled as well as the 
molecular reactions, and unfortunately chem- 
ical analysis offers very little help with respect 
to the former. It is now well known that the 
analysis of the furnace atmosphere does not 
represent the conditions existing at the surface 
of the work. 

Maintenance of a controlled atmosphere 
requires a regulated rate of flow as well as 
pressure. Rate of flow is extremely important 
in short heating cycles in bringing the film of 
gas on the surface of the work into equilibrium 
with the prepared atmosphere which is in equi- 
librium with the work at temperature. A muf- 
fle of one square foot cross section may require 
for a given balanced atmosphere a flow of 100 
to 150 cu.ft. per hr. There appears to be a rela- 
tionship between the rate of flow required and 
the rate of heating of the work. 

A positive muffle pressure is required to 
prevent infiltration of outside gas through 
cracks and door openings. When it is seen that 
less than 0.5% CO. is allowable in connection 


= 


with 34.0% CO for equilibrium with a 1% car- 
bon steel at 2200° F., it is apparent that infiltra- 
tion or pick-up of oxidizing gases must be held 
to a minimum. 

An atmosphere made from fuel gas 
and air in a built-in reaction tube or generator 
can be maintained in a muffle in a balanced 
condition as regards the water gas reaction 

< | although the percentage 

CO « H.O | 
of water vapor and CO, may be relatively high 
and oxidize and decarburize certain analyses 
(such as molybdenum steels). In order to elimi- 
nate the water gas reaction entirely, so as to 
adjust the ratio of CO to CO, for zero decarbu- 
rization, a gas having low hydrogen and water 
vapor with the CO and CO, in equilibrium for 
the desired temperature can be obtained by 
passing air over “charcoke”. The raw material 
for this atmosphere is charcoal which is coked 
in process as it passes through the generator, 
the volatile content of the charcoal being 
wasted through a vent in the upper zone of the 
retort and carrying with it the water and other 
hydrogen-containing gases, 

Protective atmospheres have boomed con- 
tinuous automatic furnaces by eliminating the 
necessity for individual handling of the work 
by skilled operators. Atmospheres that are 
non-decarburizing as well as non-scaling have 
opened up the field for continuous hardening 
furnaces of all types, including tool hardening. 
Equally important are continuous hardening 
furnaces for various parts which must be made 
to withstand wear, abrasion, or fatigue. 

So much for muffle type furnaces. But 
atmospheres in semi-muffle furnaces must be 
regulated, as far as products of combustion are 
concerned, for best results regarding scaling 
and decarburization. There is a better appre- 
ciation of how to effect this control, especially 
as to the elimination of decarburization. If the 
furnace is properly designed to allow the hot 
products of combustion to become stabilized 
before coming in contact with the work, and a 
slight positive pressure maintained in the fur- 
nace (regardless of turndown on the burners) 
to prevent infiltration of outside air, then by 
means of proportional mixers the desired 
furnace gas composition can be maintained. 

Very laudable work has proved the advan- 
tages of maintaining a definite excess of oxygen 
in the furnace atmosphere to eliminate decarbu- 
rization, while at the same time scaling is kept 
at a low level. Direct fired furnaces are apt to 
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be quite variable in their atmosphere, due to 
their design being an old type in common use 
before atmosphere control became popular. 

On the whole, the status of the art pertain- 
ing to tool hardening furnaces seems to be a 
healthy one. 


Salt Baths 


By Harrison |. Dixon 
The tro Allovs ¢ ‘0 Elyria Ohio 


N A CONSTANTLY CHANGING FIELD of 
economic warfare, manufacturers and pro- 
ducers of heat treated metal parts have been 
revamping their equipment to include modern 
salt bath furnaces capable of producing carbon 
“cases” from one to 60 thousandths deep, light 
nitrogen “cases”, conventional cyanide “cases”, 
and for annealing and hardening operations 
without decarburization. The introduction of 
economical, stable compounds capable of with- 
standing temperatures of 250 to 2330° F. without 
excessive drag-out losses, coupled with modern, 
pyrometrically controlled furnaces and_ salt 
containers, is producing a situation where a 
variety of machine parts may be so treated, 
capable of withstanding the high service 
stresses encountered in parts ranging in size 
from thin typewriter levers to thick transmis- 
sion gears. Heat treating costs are being 
reduced due to higher rates of production, 
shorter heating time cycles, and better life of 
salts and containers. Better combustion and 
insulation of furnaces have helped reduce fuel 
costs. The industrial hazards encountered a 
few vears ago have practically disappeared. 
Salts are definitely 
superior to other liquid 
heating mediums for cer- 
tain operations, due to their 
high thermal conductivity, 
cleanliness, prevention of 
decarburization, minimiz- 
ing of distortion, cracking, 
pitting, and prevention of 
scaling or oxidation. <A 
salt bath transfers heat rap- 
idly from a heated liquid 
to a cold solid, compared 
to the slower method of 
transferring heat units from 
a heated gas to a cold solid. 
Compared to lead baths, 
there is no necessity to hold 


work under the bath surface; cleaning costs are 
less, and higher temperatures are possible. 

Modern salt baths are divided into four 
temperature ranges: 

1. Tempering: 300 to 1200° F. 

2. Annealing, nitriding, hardening, carbu- 
rizing: 1100 to 1700° F. 

3. Annealing and hardening stainless iron 
and steel: 1600 to 2000° F. 

1. Hardening high speed steel: 2100 to 
2340° F. 

For low temperature work, mixtures of 
nitrates and nitrites of sodium and potassium 
are commonly used. For heat treatment of 
aluminum alloys, nitrate salts in a range of 900 
to 1000° F. are used. Pressed steel or cast steel 
containers are satisfactory for this range. 

For medium temperatures, mixtures of the 
chlorides of potassium and sodium are com- 
mon, plus a borax rectifier to prevent decar- 
burization. Activated carbon is often used as a 
cover, to form an insulating blanket of scum, to 
reduce heat losses and prevent decarburization. 
In this range, pressed or cast steel containers 
ordinarily give at least 500 hr. service. Nickel- 
chromium alloy containers, properly designed 
and cast according to modern foundry practice 
and inspection, can be expected to give from 
1500 to 8000 hr. service. Many modern furnaces 
are designed for top burner firing in order to 
melt the cold salt from the top surface down, 
thus preventing unequal expansion stresses on 
the container. Salt volume should be suflicient 
to heat a cold charge up to the bath temperature 
without excessive temperature drop in the bath; 
ordinarily a ratio of approximately 3 to 4 lb. of 
salt to 1 Ib. of work is considered good practice, 
although a large volume of 
small pieces would require 
more salt than a small num- 
ber of larger pieces of the 
same weight. Many fur- 
naces are now designed for 
continuous mechanical 
operation, where the work 


is placed on a fixture, 
immersed and moved 
through the bath, emerging 
ready for quenching on a 
definite time cycle. This 


type of operation is adapted 

to both round and rectan- 
gular pots or containers. 

The use of barium salt 
(Continued on page 518) 
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@ It's not sleight of hand, this magic of better 
heat treating that’s being performed so that 
your products will be stronger, wear longer, 
look better, and cost less to produce. It's the 
real magic of hardening atmospheres that prevent your 
steel from scaling or decarburizing —that brings your 
springs, stampings and small parts from the quench tank 
absolutely bright. It's the magic of tempering equipment 
that speeds your parts up to the exact heat desired — 
and is so uniform that tolerances of plus or minus 1-point 


Rockwell “‘C” can be established and maintained. See 


this magic in action during your visit to Chicago. Visit 
the plant of the Lindberg Steel Treating Co., largest 
commercial steel treating plant in the world. A cordial 


welcome awaits you. 


@ See the combined exhibits of the Lindberg " aes 
Engineering Co. and Lindberg Steel Treating 
Co.at the National Metal Show, October 23to. 


October, 1939; Page 515 


; 

bi 

/ \ 

—~ 

\ } ) 

| CYCLONE FOR TEMPERING * HYDRYZING FOR HARDENING } } ee 

tn 

a 

| 

Is 

| 


— 


Bright Anneal 


(Continued from page 511) 
and stay there awhile. To save 
time we have a heat source as 
far above 1275" F. as we can 
the limit is that temperature 
which will cause the edges of 
the sheets to stick together. 
“Stickers” are the largest source 
of loss in wide strip annealing 


production, and a considerable 
portion of a pile can easily be 
ruined merely by over-firing so 
that the outer edges stick. 

The difference between the 
temperature of the heat source as 
compared with the temperature 
that is desired in the pack is 
referred to as the temperature 
gradient, and the larger the gra- 
dient the faster the anneal, but 
unfortunately the greater the 


Are you burning\up profits 
in your cupolas? 


There are numerous ways in which a Detroit Rocking Electric 
Furnace — operated as an auxiliary to the cupola — can reduce 
costs and increase profits in your foundry. 


With either cold melting or duplexing a Detroit Electric Furnace 
insures a homogeneous melt. It improves the quality of the 
product. And it helps to reduce foundry and machine shop 
scrap. By making possible the melting of small charges eco- 
nomically, it greatly increases a foundry’s flexibility and service 
facilities. Because the time, temperature and chemical analyses 
are accurately controlled, special mixes of any desired compo- 
sition can be produced at low cost in a Detroit Electric Furnace. 
Profit-minded foundrymen all over the country are more and 
more turning to Detroit Electric Furnaces. It will pay you to 


write for further facts. 


QUICK FACTS ABOUT DETROIT 
ROCKING ELECTRIC FURNACES 


For ferrous or non-ferrous metals 
or alloys. 


Built in eleven sizes from 35 to 
7000 lbs. capacity. 


For cold melting or duplexing. 


Completely automatic melting cycle 
except for charging and pouring. 


Accurate metallurgical results. 
Easy to install, simple to operate. 


ROCKING ELECTRIC FURNACE. 
DIVISION OF KUHLUMAW ELECTRIC \BAY CITY MICH. 


AGENTS th CETESS 
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tendency to stickers, which there- 
fore becomes the limiting factor. 

The next great source of 
stickers is at the bottom of the 
pile. Even with the best circula- 
tion of flames, the bottom center 
of the pile always heats more 
slowly; if it is within 40° of the 
top, we usually think we are 
doing a good job. The reason 
why stickers occur at the bottom 
is, I think, due to the expansive 
forces of temperature. A_ sheet 
near the top of the pile, if it is 
hotter than the one below, can 
easily expand because it is not 
weighted down. At the bottom, 
however, the inevitable delayed 
and differential expansion is 
between sheets heavily loaded, 
and they “wring” together just 
as smooth gages do. 

A logical improvement is 
now emerging from the labora- 
tory stage—-namely to have a 
bath of liquid salt or lead, heated 
by submerged, gas-fired radi- 
ators, in the bottom of the fur- 
nace, and set the box-load of 
sheets down into this bath to a 
depth sufficient to insure good 
heat conduction from the liquid 
heating medium. 

The bottom of such a pile of 
sheets naturally will heat up 
much more quickly due to the 
proximity to the heating medium. 
In fact, in the early stages of the 
evcle, the bottom temperature is 
as much as 250° F. hotter than the 
top, but as the cycle goes on to 
completion, the liquid heating 
medium and the top and bottom 
temperatures approach to within 
10° of each other. 

In this manner, the tempera- 
ture gradient can be kept very 
much lower than is the case in 
the older conventional types of 
annealing equipment. lower 
head of heat will heat the upper 
portions of the pile at a good 
rate, it being no longer necessary 
to drive the heat through the pile 
to the cold bottom. In two main 
ways bottom stickers and edge 
stickers will be sharply reduced, 
to say nothing of a_ general 
improvement in the uniformity 
of temperature through the pile. 
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and 
HEVI DUTY 


THE MONMOUTH PRODUCTS COMPANY, 
Cleveland, Ohio, have more than doubled their 
carburizing capacity. and improved the physi- 
cal qualities, of tie rod ball studs and king pins 
with the installation of a Hevi Duty Vertical Re- 
tort Carburizer. With their former method of 
pack carburizing, only two charges of approxi- 
mately 2,000 parts each could be carburized in 
a day. In the Hevi Duty Carburizer, three 
loads of 3,000 parts each are carburized in the 
normal daily production with no increase in 
floor space. 


HEVI DUTY ELECTRIC COMPANY 


HEAT TREATING FURNACES  eLectric excLusivety 


Send for Bulletin HD 937 — it describes 
the Vertical Retort Carburizing Furnace. 


MILWAUKEE, WISCONSIN 
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IMPROVED 


BLOWER 
PERFORMANCE 


McKEE 


CENTRIFUGAL 
PRESSURE BLOWERS 


We are pleased to announce the complete re- 
vision of our entire old line of McKEE BLOWERS, 
and also the addition of a number of new blower units 
to the McKee family. Performance and efficiency 
have been improved throughout to offer you better 
performance, more capacity and greater pressure per 
motor horsepower. Send at once for the new bul- 
letins and complete information. 


Write for this new bulletin..... 


wit 


Ask for “BULLETIN K-12” 


ECLIPSE FUEL ENGINEERING CO. 
ROCKFORD ILLINOIS 


Designers and Manufacturers 


of Industrial Gas Equipment 


Salt Baths 


(Continued from page 514) compounds in the 
treatment of stainless iron or steel, or harden- 
ing of high speed steel, has necessitated the use 
of 28% chromium-iron containers. Chromium- 
nickel alloys are not serviceable, and cast steel 
will not stand the high temperatures. The use 
of the high frequency induction type of heating 
furnace has been a big factor in strengthening 
the position held by salts for high temperature 
ranges. These installations have been well 
described in previous articles in this magazine. 
Bath electrodes, pyrometer tubes and salt con- 
tainers are made of 28° chromium-iron alloy, 
except where the containers are refractory- 
lined steel pots. Life of one to six months at 
temperatures of 2100 to 2330° F. is being 
obtained with the alloy pot. Daily bailing out 
of sludge is necessary; this forms from scale 
and impurities on the steel. Approximately 144% 
daily additions of rectifiers are usually made to 
remove carbonates, formed slowly in the molten 
salt, which are decarburizing. 

Many manufacturers of high speed tools 
are adding a final nitride “case”, 0.001 to 0.002 
in. thick, after the usual hardening and temper- 
ing operations, by immersing tools in a special 
bath held at 1000 to 1100° F. for periods of 10 
min. to 1 hr. This additional treatment increases 
the tool life between grinds up to 300%, when 
cutting non-ferrous materials at relatively high 
speeds. Low volatile, clean, thin, liquid trans- 
parent salts are also being used to cover lead 
pots, instead of charcoal or lead pot carbon. 

Salt manufacturers are now producing 
stabilized compounds, so that the addition of a 
second salt to a “base” salt bath will increase 
case depth on work requiring greater depth 
than that obtained from the “base” salt. If a 
lighter case is necessary for some work, the 
original salt may be used in the same container, 
without bailing out entire contents. Simple test 
methods are available for daily testing the 
“casing” strength of baths, in the form of indi- 
cator capsules, or by determining chemically 
the relative percentage of “casing” reagent. 
These prevent waste by over-addition of fresh 
salt to the bath, or under-casing of work. 

The improvement, standardization and 
economy of salts, coupled with modern furnace 
and container design, are capable of producing 
light or heavy cases in relatively short time 
intervals, and at low cost. 
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CASTINGS 


well at high temperatures. They also weld 
readily and machine right easily. They vigorously resist oxidation, 
abrasion and sulfurous atmospheres. Used for furnace parts, retorts, 
boxes and pots, for example. Light cross-sections and economical 
heat-hour-cost. . . . Hoskins Manufacturing Co., Detroit, Michigan. 


Our casting metal is melted in high frequency induction fur " 
which assure clean castings and extremely close control of 
composition. Let us quote or give you some design suggestions. 


Hoskins electric furnaces are made in a large 

range of sizes, to fit widely varied needs. 

We often save the customer (Right) Chromel alloys can be 
money by showing how cast- had in hot and coldrolled form, 


HOSKINS PRODUCTS 


ELECTRIC HEAT TREATING FURNACES + + HEATING ELEMENT ALLOYS + + THERMOCOUPLE AND 
LEAD WIRE + + PYROMETERS + + WELDING WIRE + + HEAT RESISTANT CASTINGS + + ENAMELING 
FIXTURES + + SPARK PLUG ELECTRODE WIRE + + SPECIAL ALLOYS OF NICKEL + + PROTECTION TUBES 
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Ajax-Northrup Induction Furnace Heating Steel Bars for 3 Inch Shells—This Ajax-Northrup Furnace in the 
Artillery Division of Frankford Arsenal is used to heat bars of steel ready for producing two 3 inch shells from each 
bar. In the left-hand furnace is a bar that has been heated for forging, while in the foreground is a bar that has 


already been shaped on one end. 


. SPEED UP YOUR METAL OPERATIONS 
WITH AJAX-NORTHRUP FURNACES 


ae At the Frankford Arsenal, Ajax-Northrup Induction Furnaces provide a rapid, uniform method of 
heating steel bars for forging into 3 inch shells. 


High frequency heating, as developed by Ajax engineers, is the newest method of heat treating 
eal for forging, brazing, upsetting, continuous strip tempering—any application where metal is heated 
ee]: below the melting point. As an example of the possibilities of the Ajax-Northrup method, 2'/2" 
foul shafts can be heated to 2200° in ninety seconds! 


ASSOCIATE 
COMPANIES 
The Ajax Metal Co. 


Non-ferrous Ingot Metal 


for foundry use. 
Ajax Electric Furnace 
Corporation 


Ajax-Wyatt Induction Fur- 
naces for melting. 


Ajax Electric Co., inc. 
Ajax-Hultgren Salt Bath 
Furnace and Resistance 
Type Electric Furnaces for 
all heat treatina operations. 


AT THE METAL SHOW 


operating exhibits will suggest how improvements in quality, 
speed of production and costs can be made in your plant. 
A rotating ring of steel will be heated to a red heat by 
the invisible electrothermic currents. 

Two small steel rods will be heated alternately to show the 
loss and regaining of magnetism through heating and cool- 
ing. A diorama of small melting furnaces from 2 ounces 
up to 9,000 Ibs., will be on exhibit and Ajax Engineers will 
be on hand to discuss the remarkable strides made in the 
application of both heating and melting during the past 
few years. 

Ask for the new Bulletin giving complete description of 
recent applications. 


AJAX-NORTHRUP MELTING FURNACE 
CAPACITIES: ONE OUNCE TO EIGHT TONS 


AJAX ELECTROTHERMIC 
CORPORATION 


AJAX PARK, TRENTON, N. J. 
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See Ajax 
at the 
Metal Show 
Booth 
No. 
A-101 
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Visit the Ajax licensed 
Tocco hardening equip- 
ment at the International 
Harvester Co. on the 
official inspection trip. 


AJ-2! 
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Fahrite Heat and Corrosion Resisting Alloy Castings 
have been meeting the most savage attacks of heat 
and corrosion successfully for more than 17 years. 
Fahrite has the built-in quality to meet the demands 
placed upon it daily by corrosive conditions in the 
chemical processing and oil refining industries. 

All ranges of Chromium, Chromium Nickel and 
Nickel Chromium with additions of Molybdenum, 
Columbium and Titanium are available in Fahrite Cor- 
rosion Resisting Alloys to suit particular service condi- 
tions in your plant. 

Our modern laboratory facilities are avail- 
able for your use. Let Ohio Engineers cooperate 
with you. We welcome your inquiries. 


Standard and special Fahrite box and tray 
chain patterns avail- used in the largest 
. malleablizing fur- 


Fahrite carburiz 


boxes and trays eveil- 
able in cll shapes c 
sizes. 


— 


SPRINGFIELD, OHIO 


- SALES OFFICES —— 


4 


BOSTON 
Fahrite is produced in the most modern and best 7 poe A 
equipped foundry in the country. 
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Heat Resisting and 


Corrosion Resisting 


Metals 


Marketing of Stainless 
Steel 


By J. M. Schlendorf 
Asst. Vice Presic lent in ¢ ‘harge of Sales 
Republic Steel Corp 


SURVEY of production facilities, market 
problems and potential markets indicates 
that stainless steel is continually forging ahead. 
The product is no longer considered a jewelry 
store item but is rapidly attaining a definite, 
recognized place in the steel industry. It 
is becoming more of a “tonnage” than a 
“poundage” product. 

Because of the unlimited uses to which the 
metal can be put and its growing acceptance 
for applications where it has already been tried 
and proven, stainless steel has not suffered the 
reverses encountered throughout the past year 
by the so-called common steel products. Steel 
manufacturers, recognizing a steadily growing 
demand for the material, have increased facili- 
ties, improved the standard of the output, 
expanded old and exploited new markets. In 
sales solicitations they have found ready appre- 
ciation and receptiveness, largely as a result of 
widespread knowledge of its satisfactory per- 
formance in many directions. Like all products, 
it must and should earn its own way. 

Stainless, to date, has naturally attained 
more interest in selected fields. Brief com- 
ments pertinent to such uses follow. 


Aircraft-— The high melting point of stain- 
less steel and its great resistance to oxidation 
have given the aircraft designer a new material 
with which to combat the dangerous, ever-pres- 
ent fire hazard. The one drawback to design- 
ers is a fairly low proportional limit, but [as 
shown by Russell Franks on page 548| a low 
temperature heat treatment will raise this to a 
figure giving weight-strength properties supe- 
rior to competitive alloys. Flatness in high 
tensile, cold-worked stainless in thin sheet and 
strip has been one of the major problems con- 
fronting producers, but new equipment recently 
installed in our plants will overcome this dif- 
ficulty. 

Architecture —— Extensive use of stainless at 
the two World’s Fairs indicates that architects 
and designers believe it not only to be the out- 
standing metal with which to obtain rich and 
vigorous decorative effects, but, following the 
theme of one fair, is also destined to be the 
“Metal of Tomorrow”. 

Automotive —Tonnage continues to 
increase. Steering wheels with stainless steel 
spokes are now fairly well standardized. Radio 
antennae may eventually mean excellent ton- 
nage. Automotive applications, especially for 
trim, continue to represent the largest industrial 
outlet for stainless. 

Beverages —— Soft drink manufacturers have 
long used stainless both in processing equip- 
ment and in drums and barrels for shipping 
syrups. Recently, too, the wine industry is 
utilizing it for the rapid aging of wine. 
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Dairying — Equip- 
ment exhibited at the 
annual dairy conventions 
reveals the tremendous 
use of stainless, with uni- 
versal satisfaction. 

Food Industry — Fast 
frozen foods have opened 
a new field for stainless, 
especially for cabinets 
containing the frozea 
product and for conveyor 
tables used in processing 
the foods. Careful study has shown conclusively 
that stainless steel is not handicapped in its use 
as cookers because of a low heat conductivity. 
This is almost exactly counteracted by the film- 
forming characteristics of other metals which 
cut down their heating efficiency. 

Refrigeration — It is expected that stainless 
will replace tinned steel trays or shelves in 
domestic refrigeration units. A large tonnage 
now goes into evaporators, ice cube trays and 
trim for the boxes. 

Oil Industry — Recent developments in oil 
refining, which include the revolutionary cata- 
lytic processes, will require the use of millions 
of feet of high chromium steel tubing. In the 
higher temperature ranges, 18-8 stainless steel 
will be employed, grading down through the 
lower chromium alloys as the temperatures 
decrease. The pressures used in most catalytic 
treatments are low, and consequently the pri- 
mary requirements are for oxidation and cor- 
rosion resistance. Another application that 
increases annually is the lining of tanks, vats, 
reaction chambers and retorts |a matter dis- 
cussed on page 550 by Merrill Scheil]. 

Paper and Pulp — Newly constructed mills 
on the West Coast have used much stainless 
steel in evaporator tubes, circulating systems, 
save-alls, and perforated screen plates; usually 
the molybdenum type 18-8 is needed. 

Textiles —Stainless has been 
used in increasing quantities for tex- 
tile equipment since 1930, largely for 
wool dyeing and woolen and _ silk 
bleaching. New types of rayon need 
stainless steel for many steps in proc- 
essing, and the consumption in such 
plants will depend, to a considerable 
extent, on the modified trading rela- 
tionships with Japan, which may 
reduce considerably the importation 
of raw silk. 


Railways —- High strength stainless 
steel, used originally in the manufacture of 
high speed, light weight trains by the Budd 
method, is now being broadened by its use 
in trailer-truck bodies, milk truck tanks 
and bus bodies. A number of complete 
trains were ordered during the past year 
and several new ones are in_ prospect. 
Transportation applications represent a 
potentially tremendous outlet. 


Modification of 18-8 
By D. Carb 


Pittsburx th, Pa 


TAINLESS STEEL, which, by the way, 

because of our love for abbreviations, is 
known to the millions of consumers as merely 
“stainless”, comprises several varieties. Much 
has been written about a grown-up child of the 
industry nicknamed 18-8. It also is an abbrevi- 
ation 
for Mr. Mencken’s “The American Language” 


so widely adopted it should be ready 


standing for an alloy containing 17‘¢ and 
upward of chromium, from 7% to as much as 
10% of nickel, little carbon, and certain small 
amounts of other elements such as manganese 
and silicon. 

While the enormous growth of its applica- 
tion is fully justified by its corrosion and 
mechanical characteristics, there is no doubt 
but that the flexibility or adjustability in the 
mechanical properties is also an important con- 
tributing factor. Whatever its fabricating prob- 
lem may be, the solution can be materially 
helped by the proper selection of a specific 
analysis of the alloy within the rather broad 
limits stated a few lines back. The underlying 
reason is understood: The alloy, although 
exhibiting at room temperature the structure 
and physical characteristics of a solid solution 
(austenite), is in reality 
a metastable product, 
except perhaps at quite 
high temperatures. Its 
forming and fabricating 
habits are determined 
by the degree of meta- 
stability (if such an 
expression can be used!) 
because the metastable 
solid solution is changed 
in part to a stable mix- 
ture of phases by such 
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operations as cold working. since the 
degree of metastability is the function of com- 
position, various mechanical properties can be 
through an intelligent selection of 
analysis. High strength 
psi.; ductility either high = or 
depending on the “must have” tensile strength; 
fully maintained at temperatures 
as low as —100° C.; fatigue strength — of high 


magnitude in the alloys properly processed; all 


secured 
as much as 225,000 
adequate, 


toughness 


these, the engineers have learned, are available 
in this remarkable family of alloys. 

Other factors exert powerful influence on 
the maintenance of metastable constituents in 
18-8 and similar alloys. Well known is the effect 
of heating to within a range, approximately 800 
to 1500° F. Partial change in the austenite then 
occurs in certain preferred locations, an action 
known by various technical words. In practice 
(or in effect) it means that the alloy then loses 
much of its valuable corrosion resistance when 
subjected to a corrosive agent, either at elevated 
temperature or after cooling. Unless easy vet 
imperative precautions are taken when hot 
bending or forming, welding, riveting or solder- 
ing, the final product may be harmed. 

The extent of the harm is influenced by 
numerous circumstances. 
Composition and the 
Cr-Ni-C ratio is one; length 
of time al lemperature is 
another; nearness to the 
lower or upper limit of 
dangerous temperature 
range is another; previous 
heat treatment, sometimes 
spoken of as “de-sensitiza- 
tion”, is still another. All 
these factors were found to 
affect the accepted cause of 
the difficulty namely, pre- 
cipitation of carbides at the grain boundaries, 
impairing their subsequent resistance to cor- 
rosion. 

To understand a phenomenon is often the 
first step in eliminating it—-if it is undesirable. 
Proper steps to be taken after fabrication, such 
as annealing at a temperature above the upper 
limit of the “carbide precipitation range”, have, 
in many cases, solved the difliculty. Yet it is 
not an easy matter to anneal a huge vessel at 
1950° F. or higher. 

Continued search resulted in the finding of 
compositions, distinguished either by proper 
ratios of Cr-Ni-C or by the presence of some 
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other elements, with enhanced resistance to 
“carbide precipitation”. Of the elements that 
have been mentioned in this connection are 
tantalum, vanadium, titanium, and columbium. 
Titanium and columbium have been generally 
adopted commercially. The amounts required 
are relatively small, depending on the carbon 
content, since their function appears to be that 
of tying up or fixing carbon in an insoluble 
inclusion. 

It is obligatory that added elements should 
not have a deleterious effect on general corro- 
sion resistance. However, there is hardly a test 
in existence which would answer such an 
inquiry. From the accumulated data pertain- 
ing to relatively common corrosive media, it 
appears that neither columbium nor titanium 
has a serious effect. Titanium-bearing steel, 
tested in the standard nitric acid test, will show 
somewhat greater losses; the practical signifi- 
cance of this effect is negligible, unless some 
extraneous circumstance enters. there 
appears to be little choice between additions of 
titanium or columbium, except in cases involvy- 
ing welding, when most of the titanium is lost 
at the joint through rapid oxidation. Colum- 
bium-bearing metal is generally recommended 
and emploved for welded 
construction. 

Various manufacturing 
or service conditions have 
necessitated various modi- 
fications in the 18-8 analysis, 
which, however, do not 
destroy its inherent nature. 
The outstanding among 
additions is that of molyb- 
denum; one common com- 
mercial grade contains 2 to 
3° and another contains 
3 to 4%, with nickel raised 
to as high as 14°, mostly to aid in fabrication, 
Molybdenum prevents damage through local, 
isolated, so-called “pinhole” corrosion, experi- 
enced in sea water, in some chlorides, and in 
vapors of acetic acid. 

Pinhole corrosion is local; the formation 
of pits bears no relation to any known factor 
either in fabrication of the alloy or in its inher- 
ent characteristics. “Purity” —in the sense of 
non-metallic inclusions —is, for example, of 
no consequence. Whether the metal is pro- 
duced by the scrap process or any other, 
whether it is melted even in vacuum, has no 


effect either. For these reasons alone, the sim- 
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ple expedient of adding molybdenum to pre- 
vent possible serious pit corrosion is of major 
importance. (Alloys modified with’ silver, 
recently described as resisting pitting, are alto- 
vether in an experimental stage.) 

To prevent intergranular corrosion and ve 
insure resistance to pinhole corrosion, addi- 
tions of molybdenum and columbium were 
naturally investigated. Addition of two more 
elements to an alloy characterized by various 
degrees of metastability apparently creates a 
very complex metallic system, the behavior of 
which may be altered by factors either not vet 
understood or most diflicult to control. Conse- 
quently, very encouraging as well as very dis- 
couraging results” are 
known, and commercial use 
of this alloy has not vet 
arrived. 

Some attention is being 
paid to alloys of the 18-8 
tvpe with increased per- 


centages of manganese. 


Improved properties are 
said to include ductility, 
especially of the welds, and 
workability; up to 2° manganese is recom- 
mended. Manganese stabilizes austenite, much 
in the same manner as nickel; it would appear 
that these two elements, within limits, have 
similar effects on the above-mentioned proper- 
ties and the same purpose may be accomplished 
by an increased amount of either. Thus, if the 
stated improvement is at all needed, the choice 
of either manganese (up to 2‘) or nickel 
(raising it from to becomes a_per- 
sonal one. This amount of manganese, as far 
as we were able to ascertain, has neither a 
beneficial nor a detrimental effect on corrosion 
resistance. 

As is well known, silicon has a_ beneficial 
effect on the resistance to oxidation. Last year 
brought no new developments in this alloy. 
Additions of copper (up to 2°) and copper 
with molybdenum (about 1‘- of each) are offer- 
ing improved corrosion resistance in certain 
corrosive media; the latter is recommended to 
resist sulphuric acid. 

To the numerous varieties of “free machin- 
ing” 18-8’s is now added a lead content of 0.12 
to 


quite encouraging and since the non-corrosive 


Improvements in machinability are 


properties of the alloy are said to be unim- 
paired, the “leaded” stainless steels deserve 
attention. 


Light Weight Structural 


Fabrication 


By E. J. W. Raasdale 


dward ( Budd ( 0 iladelyl 


HE RELATION between strength and weight 

of a metal construction has too often been 
discussed in Mrerat Procress for there to be any 
necessity of further elaboration. We all know 
that new alloys and heat treatments have been 
commercially developed since the War that 
have met the requirements of aircraft 
“requirements” is advisably used, for without 
them the aircraft would be 
merely a craft. We have 
wondered why it has taken 
engineers in other indus- 
tries so long to adapt these 
new metals to mobile struc- 
tures — automobiles, —trac- 
tors, rolling stock, shipping. 
Perhaps it is because of 
that conservatism so ade- 
quately expressed by Octave 
Chanute, one of the leading bridge engineers of 
oO years ago, in an address in 1882 before the 
American Institute of Mining Engineers (then 
the leading American metallurgical society) on 
“Iron and Steel Considered as Structural 
Materials”: 

“First, as to steel. While we all acknowledge 
that this is the material of the future, our position 
may be said to be still one of expectancy. Few 
engineers are bold enough to employ it largely in 
bridges, and those who do find such serious difli- 
culties in obtaining uniform grades of it, are so 
puzzled by apparent anomalies and unexpected 
phenomena, that it requires considerable faith and 
courage lo apply it in large structural masses... .. 
At present we know that the strength exists, but 
we also know that steel is brittle under many con- 
ditions, and where human lives are at stake, where 
failure would involve such disastrous conse- 
quences, we dare not avail ourselves of the strength 
of that metal, unless reasonably sure that it will 
not break.” 

Evidently Mr. Chanute was still sticking to 
his wrought iron, 

It is believed that the time has now arrived 
(1939) when the adaptability of standard or 
conventional design must be carefully examined 
to determine in what respects it is inadequate 
for the newer construction materials now avail- 
able. Orthodox design obviously does not bring 
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Properties of the Principal Cr-Fe Alloys 
2% Cr\| 5%Cr \9%Cr\ 12%Cr| Cutlery 17% Cr 27%Cr | 


| Chemical composition 
la Chromium 17§to225| 4tob &tol0| 12told4 IZ told 16to18 25 to FO 
Nicke/ [0.5Mo) (45 Mo} —_ ome —_ 
mi Si and Mn (mex.) 0.50 0.50 0.50 0.50 0.55 0.50 0.50 | 
| Carbon 0.15 max.| 0.10 toQ20 | 0.15mex) QF0toQ40 0.10t 0.10t 
Specific gravity 
Lb. per cu.in. 0.280 | 0282 | 0276 0.278 2270 
| (Mild stee/= 1.00) — 0.99 1.00 0.97 0.98 0.96 0.95 
Electrical resistance at 
Microhms per cms 57 60 59 67 
[Mild steel = 1.00) — | 62 5.5 5.4 6. 
Melting range , F. 
f) Top — 2800 — 2790 2750 2750 2750 
| Bottom -- 2760 —_ 2750 2580 2710 2710 
Structure (normal) | Pesrlitic| Pesrlitic \Mertensitic| Martensitic | Martensitic Ferritic Ferritic 
| Magnetism jor Ferritic 
Ferromagnetic ves ves res res hes Yes 
ability | Cold worked 10% — — — 
Soecitic heat 
At Cgs.units, 0 to 100°C. 0.11 0.11 0.117 0.11 0.11 
[Mild steel = 1.00) 1.0 1.0 1.0 1.0 
Thermal conductivity 
*C.g.s.units at JOO. ome 0.0874 0.0595 0.05 0.0583 0.0500 
[Mild stee/ = 1.00) 0.75 0.50 0.42 0.49 0.42 
Cg.s. units et 500%. — 0.0805 0.0686 0.0624 0.0585 
Thermal expansion 
i per F.x 1,000,000 
from 32 to 212 F. 6./ 6.29 6./ 5.7 6.0 5.9 
(Mild steel = 1.00) — | | 095 | 0.87 0.91 0.90 
From 32 to 932F. 22 2.00 6.2 6.6 6.7 6.5 
An- An- | Heat | An- 
perties at Room | nesied| 9 |nealed| eated| | | |\Morked 
Jemperaiure @ | (Mire) (Wire) 
Ultimate strength, 1000psi.\ 60 to 70| 66 | 115 | 75to87| 65 | 125 75 | 100t0I90 | 75to95 &5tol75 
Yield point, 1000 psi. 50 to45| 27 | 105 |55to45| 35 | 100)\ 65 |200to220| 40 — | 50t060 | 55tol55 
Flongation, % iin Zin. 40to30\ 38|\ 20 |\40to30| 35| 20|27| 8to2 | 27 — |30%20| — 
in 10in. — — — | 2402 — |2502 
Reduction of eres, % 76 66 65 | 60| 59 | 20to2 55 | 400020 | 60t050 | 55to25 
Impect, ft-lb., Charpy 55to65| —| — — | 
[Izod 60| 75} — | €O|—|—| — — 
Fatigue endurance 
limit, 1000psi. — — |—|—I—| — |fe] — 50 
| Correspondiin 
JO ultimate strength 76 78 
Herdness, Brinell 130 tol60\ 136 | 250 \45tolG0\ 140 |230\170| 480 | 175 | 
Rockwell — |8-75\024| — C56 | B85 C0t025 
if Erichsen value, mm. — — 7to9| — 
Stress in psi. { 1000%.| 11.400 | 2000 | 11,600 13,000 8.500 
causing 1% 1100 5,650 6,950 | 5,200 5,200 
“oreep”in 1200 | 3/50| — | 2300| 2100 2100 
j 10,000 hr.at | 1350 _ _— — 1,400 1,200 400 
Sceling temp., F. 1200 | 1200 | 1300 1250 1550 2100 
Initia! forging temp., ¥. 2100 2100 2000 2000 2200 
Finishing temp., Aboutl400| — |max/450 1700 max.J40O méx.1400 to /450 
Annesling treatment furnece — |rolonged | 1575 tol625F. Jhr.or mare et 
coo/ from heating at 450% and quench 
1580F. 1250tolS50F 


* Therme! conductivity is measured es calories per sg.cm. per sec. perC. percm. 
+t Quenched end drewn at 1100F. ++ Oi/ Quenched from I850%F. end drewn. 


Smell cold reduction, followed by ennes!/ at 1400°F. and quench 
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Properties of the Principal Cr-Nr-Fe Alloys 


18-8 18-12 25-12 25-20 | 18-26 
T 
Chemical composition 
Chromium 17 to19 | Modi fi- 17 to 19 22 to 28 24 to 28 tol9.5 
Nicke/ 8to10 | ~~ cetion 11 tol25 12 to 16 19to 2! | 25to2 
Si end Mn (mex/ 0.50 with 0.50 — | Z0Si mex 
Cerbon 0.10 titanium 0.10 0.15# 0.15 max.| O20max. 
Soecitic grevity 
Lb. per cu. in. 0286 | 0285 Q287 0.285 0. 
(Mild stee/= 1.00) 1.07 1.01 1.02 1.0 1.0 0.99 
Electrical resistance at 70°F | 
Microhms per cms 270* 7) 23 78 907 102 
(Mild stee/ = 100) 6.4 6.5 6.7 2.1 — 9.3 
2590 | 2590 2570 2600 
fa) — < 
2550 2550 2530 2550 
Structure Austenitic | Austenitic Austenitic Austenitic Austenitic 
Magnetism 
Derme- As ennesled 1.005 1.003 1.003 1.003 1.003 — 
ability \Cold worked 10% 7.10 | 1.006 1.003 
Specific heat 
units, Oto 100°C. 0.12 0.12 0.12 0.12 — 
Therme/ conductivit 
* g.s.units et 100 0.0390 | 0.03585 0.0380 QOS to 0.04 Q0Ft0Q04 — 
[Mild stee/=100) O52 O32 0.25 to 035 025 to035 
Cas. units et 500°C. 0.0515 0.0528 0.0520 
Thermal expansion 
per 7,000,000 | 
From 32 to 212 PF. 9.6 | 9.F 9.9 8.F 8.8 6.8 
(Mild steel=1.00) 1.45 1.40 1.50 1.26 1.33 1.33 
From 32 to 932 F. 102 | 10.3 10.8 96 4 9.5 
Mechanical Pro- Cold a Cold Cold 
An- Stabil- An- An- An- 
perties at Room Worked Worked Worked Je 
Temperature ne&aled [Wire) ized |nealed [Wire] nealed /Wire} neeled | nealed 
Ultimate strength, 1000psi.|\ 80 to 95 \105 toZ00\ 8Oto95 | 8Oto90 \105to275\ 9Otol!0 \110 to270| | 90 toll0 
Yield point, 1OCOpsi. 35 to 45 | 60t0250| 40to 45 40 40 to 80 \ 65 to230\ 65 | 45to50 
flastic modulus, 10§psi. 29 — 30? 
Elongation, % in Zin. 65 to 55 60 to50 60 — 50 to355 60to45 | 35to 30 
in 50 to2 — 50to2 J5to2 — 
Reauction of eres, % 65 to 55 | 65t030 | 65 to 65 65 to30 | 60to4#5 | 55t020 45to 35 
fatigue enagurence 
limit, psi. 35 94 48 — 52 — 
Corresponding 
ultimate strength 90 150 90 — — /10 on 
Hardness, Brinell 155 to 185 \170 to4b0\ 135 tol8S \1355 to 165 to 380 150 to 188 FO to 375 | 130 to 160 to 185 
Rockwe// 8-75 to 90| C-5 to47 |\B-75 to 90 \B7?5to85 |\C5to4O | B8Ot090| 
Erichsen velue,mm. 1) tol4 — — 
. ( 1000. 12,000 2000 
causing 1% 31350 5.000 3300; — 
cregp in 1500 850 1,100 = 
10,000hr.et | 1600 1,900 
Scaling temp.,F. 1650 1650 1650 2/00 2000 1650 
Initial forging temp.*. 2200 As for 18-8 2200 to 2300 — 1950 
Finishing temp., F. Wot under 1600 to/700 As for Notunoer!600 to/700 
Annesiing treatment Heatat 1900 to tt As for 18-8 Heat at 2000 to — |lAsfori8e 
2000. and quench 2150. and quench 


* Flectrica/ resistence of cold worked 18-8 renges from 70 to 82 microhims per cm.cube 
** Therme/ conductivity is measured as ce/ories per $g.cm. per sec. per °C. per cm. 

t Smell cold reduction, followed by annee! at 1400°F.and quench 
tt final heat treatment must consist of 2to4 hr. soak at I550F. 
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out the potential savings of those new materials 
whose lightness and indestructibility are capable 
of being utilized. 

It is believed that the principal reason why 
the potential savings of the high tensile steels, 
strong aluminum alloys and stainless steels can- 
not be fully realized is that the orthodox design 
has always contemplated solidity by continuity 
of metal from a central axis as distinguished 
from the cellular form of structure. Typical 
examples of cellular construction are found in 
corrugated culvert pipe or in the airplane mem- 
ber. These are built of light tubing or cor- 
rugated sheet welded rigidly together as in the 
shotwelding process. 

Now designs should enable a greater use of 
the high tensile and high elastic ratio steels by 
development of the properties of the cellular 
type. This would lead at once into a search for 
information on the properties of welded con- 
nections and this in turn would involve a study 
of the mechanical and metallurgical properties 
as influenced by manufacture and fabrication. 
The importance of such studies is evidenced by 
the fact that already several technical societies 
have made investigations of the effect of cutting 
and welding processes on these newer steels 
which are rapidly becoming indispensable for 
the largest structures. 

It is therefore suggested that a research be 
anized and sponsored by a group built up 


from agencies such as those named below. A 
board would be designated consisting of 
approximately half a dozen engineers of 
national reputation who would advise as to the 
plan of the research. It is visualized that such 
a group would set out in detail new designs 
which would be investigated, and lay out the 
incidental features of fabrication and = subse- 
quent testing. 

Numerous American engineering societies 
would readily cooperate, especially those inter- 
ested in metals, welding, structures, bridges, 
machines, aeronautics, automobiles, railroads 
and shipping. Many corporations manufactur- 
ing the steels, ferro-alloys and welding equip- 
ment, as well as others actually doing the 
fabrication, might be expected to join actively 
in the prosecution of the research. 

Re-examination of existing product is a 
periodic task of highest importance to up-to- 
date firms in all lines of endeavor. It is time 
that engineers and engineering firms re-examine 
the fundamental basis of their design. It is a 
minimum insurance policy. 


Aging at 400° F. improves 


Cold Worked 18-8 


By Russell Franks 
| ( ‘arbide ( m Research | ab rat TIES, Inc 
Niagara Falls N Y 


HE EVER-BROADENING USE of the 18-8 

steels for resisting corrosion has led to their 
application for many purposes, and the con- 
struction of light weight, high strength struc- 
tures offers no exception. As is well known to 
readers of Merat ProGress the steels are austen- 
itic in character, and high strengths are readily 
obtained by cold working, consequently in 
recent years such products have been exten- 
sively used for the construction of high speed 
trains and many other light weight structures, 
including aircraft wings, spars and other details. 

Recent research work has yielded informa- 
tion that will undoubtedly still further extend 
their application, It shows that if the cold 
worked metal is heated to about 400° F. and air 
cooled it will acquire better elastic properties 
than the cold worked metal before such mild 
treatment. Cold rolled 18-8 steels so treated 
exhibit a modulus of elasticity of approximately 
28,000,000 psi., which is about normal for the 
annealed 18-8 steel. The treatment raises the 
proportional limit and vield stress and makes 
the steels stiffer in the plastic range below the 
vield stress. It accomplishes these results with- 
out impairing tensile strength, ductility, or the 
bright cold rolled surface. The slight yellowish 
oxide coating developed during the heating 
period can readily be removed by dipping in a 
hot nitric acid solution, which solution, at the 
same time, passivates the surface in a very 
desirable manner. The treated steels retain the 
high fatigue resistance and toughness character- 
istic of these alloys and their resistance to inter- 
granular corrosion or general corrosion is not 
impaired. 

Length of such heating period is important: 
it should be long enough to insure that the 
improvement in elastic properties is substantial 
and uniform. In general, it varies from a few 
hours to an aging of no more than 72 hr. in the 
range 350 to 0" F. 


cooling. 


and is followed by air 


This development should result in a wider 
application of cold rolled 18-8 steels in aircraft 
construction and other light weight structures 
both large and small. 
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Metals for the Power 
Industries 


By J.J. Kanter 


Resear Metalluraist, ( ‘rane Chi ago 


HE PROBLEM in the power industries of 
utilizing the greater efliciencies possible 
through high operating temperature and pres- 
sures in steam power plants, stands as a direct 
challenge to the metallurgist to develop suitable 
materials. Steam turbine operation has been 
demonstrated practical at 1000° F. in stationary 
plants, and perhaps this temperature will 
remain as a good one for new installations for 
some time to come. In marine plants, due to 
maintenance limitations, and generally greater 
hazards, operating temperatures of 850° F. are 
the highest visualized at present. Locomotive 
steam operating temperatures are even more 
modest, none contemplated above about 725° F. 
Noteworthy is the trend of high tempera- 
ture piping steels toward weldable compositions, 
Joints which were formerly bolted, are rapidly 
being supplanted by welded assembly. Welded 
construction is now being used to replace even 
the bonnet flanges on high pressure steel valves, 
and this effects very substantial weight savings. 
Much activity is evidenced in committees of 
the American Society for Testing Materials in 
preparing specifications for the weldable high 
temperature piping materials to meet the power 
industry’s requirements. Tentative specifica- 
tions have recently appeared defining welding 
grades of pressure castings and piping. The 
Boiler Code Committee is 
actively engaged in prepa- 
ration of values for allow- 
able working stress, based 
on creep data, for all types 
of materials used in high 
pressure equipment. 

Of the carbon steels 
used in high pressure work, 
the silicon-killed variety is 
favored wherever service 
temperatures exceed 750° F. 
because of its definitely 
higher creep strength over 
the rimmed steel. For serv- 
ice temperatures exceeding 
80° carbon-molybde- 
num compositions have 
been widely accepted for 
both piping and castings. 


The use of stainless steels in steam power 
equipment is somewhat limited, being contined 
largely to turbine blading, superheater tubes of 
the 18-8 type, and modifications thereof, when 
temperatures of 1000° F. or higher are encoun- 
tered, and for some valve trim, particularly for 
stems. Hard surfacing materials, or overlays 
of the stellite type, have proved highly success- 
ful as seating surfaces in large valves operating 
at temperatures of 850° F. and higher, where 
difficulty due to seizure and galling has been 
experienced with the straight chromium alloys. 


Stainless Equipment 
prevents contamination of product 


By H. L. Maxwell 
Technical Division, Engineering | Jepartment 
I: |. duPont de Nemours & Co 
experimental Station, Wilmington, De! 


CONOMICAL application of large tonnages 

of stainless alloys in chemical plant equip- 
ment continues to require active attention. The 
plant applications most publicized are those 
where process conditions are so corrosive as to 
require highly resistant metals in order that the 
equipment may operate for an economical time 
before it needs reconditioning or replacing. In 
this class is found such equipment as (a) 
ammonia oxidation to produce nitric acid, (b) 
synthesis of organic acids, and (c) the manufac- 
ture of a wide variety of organic compounds, 
most of which require the application of tem- 
perature with or without 
considerable pressure, 

In addition to the 
urgent question of continu- 
itv of operation, another 
of paramount importance 
is the matter of product 
quality, which is deter- 
mined largely by the free- 
dom from metallic pick-up 
from the equipment. For 
example, the washing, fil- 
tering, and calcining of 
white pigments may be car- 
ried out in equipment fabri- 
cated from one of several 
different) metals, any of 
which will give reasonable 
life. Of more importance, 
however, than life of the 
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equipment in this instance, is the freedom from 
contamination of the product. 

There are numerous other cases in the pro- 
duction of both fine and heavy chemicals where 
the corrosion rates of carbon steel and iron are 
sufliciently low as to guarantee practically per- 
manent life in production service. As far as 
durability is concerned the least expensive 
metal will suffice, but this does not hold true as 
regards contamination. Certain steps in the 
process) production of rubber compounding 
chemicals, dyes, and esters, corrode ordinary 
steel so little that the rate cannot be determined 
experimentally, vet the small amount of heavy 
metal contamination would result in off-quality 
product. 

It is sometimes possible to use stainless- 
clad carbon steel with initial installation econ- 
omies ranging from 15 to 25‘: and still gain 
the advantage of having a stainless metal in 
contact with the product. The commercial pro- 
duction of columbium-stabilized chro- 
mium, 8° nickel stainless steel has done much 
to promote the use of clad vessels in certain of 
these so-called contamination processes. The 
advantage is that the completed vessel can be 
given a 1250" F. stress relieving treatment which 
leaves both the stainless cladding and the heavy 
carbon steel base metal in satisfactory condition 
for plant service. 

Just as stainless steel is being used in the 
more widely known applications of combating 
corrosion and extending equipment life, it is 
also being used to an increasing degree as an 
insurance policy against the contamination of 
chemical products. 


Lined Equipment in 
Corrosive Service 
By Merrill A. Scheil 


Resear }, Metallurgist 
A. O. Smith Corp. Milwaukee, Wis 


Tere IS A WIDE FIELD of application for 

alloy lined equipment in the petroleum, 
chemical, and other process industries. How- 
ever, a word of caution about the selection of 
lining material is timely. Before a certain mate- 
rial is specified, it is advisable to study the con- 
templated service thoroughly and to make a 
suflicient number of tests to insure that the 
material selected will meet all the conditions 
that may be encountered. The purchaser of 


lined equipment should also appreciate that the 
selection of the proper alloy depends to a large 
extent upon his cooperation. In other words, 
unless the fabricator’s preliminary tests dupli- 
cate all of the possible conditions in the con- 
templated service, the results will be of little 
value or may even be misleading. 

As fabricators of both lined and solid alloy 
vessels, we have found that each new corrosion 
problem has to be treated individually. Con- 
tinued success and future expansion of the use 
of alloys for linings will, therefore, depend upon 
thorough knowledge and application of metal- 
lurgy to the problems involved in each case. 
Only those companies which have facilities and 
knowledge for specifying the proper material, 
for ascertaining that the material received 
meets the requirements and for the correct 
application of this material in the fabrication 
of the equipment involved, can hope to be of 
real service to the industry. 

One of our recent developments in the field 
of lined equipment is are welding of seams in 
the lining, with full penetration and without 
iron dilution from the base metal. Another 
development involves the use of special methods 
of fabrication and testing, whereby it is now 
possible to make a 100% test of the lining for 
bottle tightness during construction, as well as 
when desired throughout the service of the 
equipment. 

The following corrosion resisting materials 
are being successfully applied as linings in car- 
bon steel equipment: 

18-8: Types 304, 306, 308. 
18-8 Ti: Types 320, 321, 

18-8 Ch: Types 345, 346, 347, 348. 
18-8 Mo: Types 316, 317. 
11-13 Cr: Types 4038, 405, 410. 
14-18 Cr: Types 480, 431. 
Hastelloy A. 

Nickel. 

Monel. 

Inconel. 

Cupro-nickel: 70-30, 

These materials have been used to line such 
process equipment as heat exchangers, con- 
denser shells, cookers, digesters, kettles, frac- 
tionating towers, evaporator towers, separator 
towers, chemical autoclaves, storage tanks and 
caustic pots. In addition experimental work 
has indicated that it will be possible in the near 
future to supply equipment lined with Hastelloy 
B, Hastelloy C, 25-5-3 (Type 329), and 25-20 
(Type 310). 
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The A-B-C of Corrosion and Heat Resisting Steels 


Arrangement due to F. R. Palmer. Adapted from The Book of Stainless Steels, Second Edition 


Group A (Martensitic) 


Chemical Analysis 
Chromium less than about 16%; carbon 
less than about 0.40%. May contain small 
percentages of tungsten, copper, nickel, sili- 
con, columbium, aluminum, and more fre- 
quently molybdenum. Group is magnetic. 


Group B (Ferritic) 


Chromium more than about 16%; carbon 


| quite low, but can increase as chromium 


goes up. May contain small percentages 
of copper, nickel, silicon, molybdenum, 
tungsten, nitrogen. This group is mag- 
netic. 


Heat Treatment 
Respond to hardening and tempering. 
Resulting physical properties depend on 
chemical analysis (principally carbon con- 
tent). 


Do not respond. 18% chromium tough- 
ened by long anneal at more than 1400° F., 
and air cooling. Avoid decarburizing the 
skin. 25% chromium gets best strength 
and toughness by rapid cooling from 1650°. 


Toughness 
Are structurally dependable. After tem- 
pering are not brittle in notched sections 
or under impact. 


Grain Growth and Structural 
Changes at High Temperatures 
Not subject to excessive grain growth. 

Thoroughly dependable for supporting any 
load or shock within their carrying capac- 
ity up to 1400° F. Brittleness in plain 
chromium steels when cooled after long 
heating is avoided by addition of molyb- 
denum. 


Strength at Elevated Temperatures 
Much better than straight carbon steel 
for temperatures up to 1000 or 1200° F. 
Retain tensile properties up to 750° F. 


Hot Working Qualities 
Readily forged, pierced, or rolled at 
2000 to 1700° F. Preheat and soak stock 
at 1600° F. Plain chromium alloys air 
harden on cooling. 


Laminated structure, from coarse fer- 
rite in ingot, causes low impact values, but 
proper rolling and heating gives adequate 
toughness in rods, bars, and sheets. Struc- 
ture is refined by alloying with nitrogen. 


The chromium-irons low in carbon and | 


those high in silicon or aluminum (when 
cold worked) are subject to excessive 
grain growth, especially above 1900° F. 
Grain growth reduced by nitrogen. Long 
service at 800 to 950° F. makes them brit- 
tle when cold, although they are not brit- 
tle at working temperatures. 


Heat resisting varieties quite tough at 
temperatures up to 1600° F. Superior in 


| ductility to Group C but not in creep 


| 
| 
| 


resistance. 


May be forged, rolled, or pierced. Should 


be heated quickly. Forge from 2200° F. 


down to 1750° F. On last heat continue 
cold working to 1400° F. to refine grain. 
Alloys do not air harden. 


Cold Working Qualities 


Low carbon varieties can be easily cold 
drawn into wire, cold rolled, bent, formed, 
upset, coined, and deep drawn. 


Machinability 


Machine satisfactorily with properly de- 
signed tools when heat treated to 200 to 
250 Brinell. Free-cutting grade contains 
complex sulphides or selenium. 


Riveting 
Make excellent cold rivets. Air harden- 
ing, high chromium steels not recom- 
mended for hot rivets driven above 1500° F. 


Welding Properties 
Preheated parts can be welded with gas, 
electric arc, or resistance. Anneal imme- 
diately before weld air hardens. Little 
grain growth. Columbium or aluminum 
increases ductility of welds. 


Corrosion Resistance 
Increases with chromium content; in- 
ferior to Groups B and C. Resists 
weather, water, steam, and mild corrod- 
ents when chromium is 11.5% or more. If 
carbon is relatively high, metal must be 
hardened and tempered (below 1000° F.). 


Scale Resistance 


Increases with chromium content. Gen- 
erally useful for continuous temperatures 


up to 1200° F., and in some services up to | 


1500° F. 


| to the weld. 


Can be cold drawn into wire, cold rolled, 
bent, formed, upset, coined, and deep 
drawn, especially when warm (300 to 
500° F.). 


Machine satisfactorily with properly de- 
signed tools. Cold working and high sul- 
phur or selenium improve machinability. 


Extra precautions required to avoid brit- 
tle rivets. Conical heads should be cold 
upset on ground bars; rivets driven at 
1425° F. into chamfered holes. 


Can be welded. Anneal at 1450° F. to 
reduce embrittlement alongside weld. 


Those metals sub- Those metals not 
ject to grain growth subject to grain 
are brittle adjacent growth yield satis- 
factory welds. 


Possess corrosion resisting properties su- 
perior to Group A; increases with chro- 
mium content. Especially good for nitric 
and other oxidizing acids. 


Superior to Group A, especially when 
chromium is above 25%; then resist re- 
ducing atmospheres up to 2100° F., resist 
oxidizing gases up to melting points, and 
sulphur gases up to 1800° F 


| 


| sometimes substituted for nickel, in part.) 


7 Group C (Austenitic) 


Contains enough nickel to make steel 
austenitic and non-magnetic. They usu- 
ally contain twice as much chromium as 
nickel or vice versa; total alloy content 
at least 26%. Carbon quite low. (Manganese 


Do not respond to hardening by heat 
treatment. Must be rapidly cooled from 
soaking heat at 1900 to 2150° F. to retain 
austenitic structure free of carbides. (Bri- 
nell 140 to 170). 
Extremely tough at all temperatures 
down to liquid air. Dependable against 
shock except when corroded at grain 
boundaries (a preventable condition). 


Alloys near the austenite-martensite 
border line tend to precipitate carbides at 
grain boundaries during service at 800 to 
1600° F., losing some toughness and be- 
coming susceptible to intergranular at- 
tack. This is controlled by very low car- 
bon, by titanium or columbium, by increas- 
ing the chromium and nickel, or by prior 
“stabilization.” 


Have high creep strength up to 1200 
F. which is enhanced by tungsten or 
molybdenum. Toughness impaired in non- 
stabilized alloys by service at 800 to 
1600° F. 


May be forged, rolled, or pierced. Pre- 


heat and soak at 1600° F., heat quickly to 
2200° F., forge down to 1850° F. Hot short 
range: 1800 to 1300° F. Alloys do not air 
harden. 
Can be cold drawn into wire, cold rolled, 
bent, formed, upset, coined, and deep 
drawn. Work-harden twice as rapidly as 
Groups A and B. 


Most difficult of all even with super high 
speed and carbide tools. Use sharp tools 
having greater top rake than usual, and 
cut continually. Free-cutting grade con- 
tains selenium and phosphorus. 


Excellent for either hot or cold rivets 
Hot rivets may be driven at a high tem- 
perature (1900° F.). 


Can be welded with gas, electric arc, or 
resistance, if carburization is avoided. 
Weld does not air harden and is very 
tough. Only the relatively low carbon or 
“stabilized” metal should be welded if 
article must resist corroding media. 


Corrosion resistance depends largely up- 
on total alloy content. Resists nearly all 
corrodents measurably better than Groups 
A and B; especially good for organic acids. 
Severe pitting may occur in stagnant 
chloride solutions under particles of for- 
eign matter and along faying surfaces. 


Excellent where combination of high 
temperature and corrrosion is to be met 
High chromium, low nickel alloys required 
to resist sulphurous gases. Addition of 2 
to 3% silicon markedly improves scale 
resistance 
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1. DEPENDABLE 
2. EFFICIENT 
3. ECONOMICAL 


... these alloys of 


NICKEL 


1. HANGAR MAINTENANCE: 


The Dominion’s largest doors, on Trans- 
Canada Airway’s new hangars, are opened 
and closed by Nickel steel worms and chill- 
cast Nickel bronze gears. To obtain tensile 
strength of 51,000 p.s.i. the Richards-W ilcox 
Canadian Co., Ltd., London, Ontario, Can- 
ada, specified these gears cast with this com- 
position : copper, 87.50% ; tin, 11.0066 Niek- 
el, 1.5000. The addition 
of Nickel to bronze im- 
proves density and 
strength without im- 
pairing anti- frictional 
qualities of gear sur- 
faces — assures long 
trouble-free service life. 


L 


2. BOTTLING OPERATIONS: 


Metals used in bottling equipment must be 
corrosion resistant, strong, bright and attrac- 
tive and be able to withstand repeated clean- 
ing operations. Above all they must be non- 
contaminating to safeguard the beverages 
with which they come in contact. Solid 
Nickel Silver possesses these improved prop- 
erties. Combining good structural qualities 
with resistance to corrosives, and eye ap- 
peal, it can be readily and repeatedly 
cleaned because there are no platings or 
coatings to wear away or flake off. Therefore, 
the Crown Cork and 

Seal Co., Baltimore, 
uses Solid Nickel Silvers 
for many parts of their 
high speed bottling and 
capping machines 
which come in contact 
with the beverages. 


3. FOUNDRY PRACTICE: 


Shrinks and cracks forced remelting of one 
of every four swing spout fixtures! That was 
the unprofitable record of the Universal 
Brass Manufacturing Co., Los Angeles. Re- 
jects ate the heart out of profits. By adding 
1° Nickel grainstructures were refined mak- 
ing castings so pressure-tight and sound, that 
90° of rejects were avoided. The uniformity 
of Nickel-bronzes cuts machining costs, too. 
Consultation is invited on money-saving 
applications of Nickel alloyed materials. 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 
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Stainless Steel Covering 
fabric or mineral composites 


By George S. Starke 
Manager Ludlite Jivision 


Allegheny Ludlum Steel Cx rp Watervliet, N.Y 


NTEREST in bi-metals and lined equipment, 

wherein stainless steel and carbon steel are 
used in conjuction, should include the combi- 
nation of stainless steel with a non-metallic 
backing. Such material has in fact been avail- 
able for some vears, and marketed by the 
author’s firm as “Ludlite Flex”. This uses a 
paper thin sheet of 18-8 stainless combined with 
an inert and weather-resistant backing. It is 
about as flexible as stiff cardboard, may be cut 
with tinsmith’s shears, is bent or shaped to fit 
any type of surface, and to which it may be 
cemented as readily as linoleum. The user can 
get this in sheets, ribbon or tile, and it has been 
applied in numerous ways as a surfacing mate- 
rial for decoration and sanitation. 

During the last vear we have perfected 
machinery whereby thin sheets of 18-8 (0.0095 
in. thick) are cemented to a mineral backing 
material composed of asbestos, volcanic clay, 
calcined magnesite and cement. This is fire- 
proof and weather resistant. Such “Ludlite 
Bord” is either 1, in. thick, flexible enough to 
be readily bent, or 14 in. thick, a rigid and load 
carrying member. It is believed that this struc- 
tural material, which can be cut and worked 
with ordinary carpenters’ tools with no more 
difficulty than hard wood, will be very useful 
for wall coverings, for partition construction, 
and for sanitary linings of refrigerator rooms 
or food carrying cars and trucks. It, for 
instance, has already been specified for shower 
stalls in the first group of buildings for Boulder 
Dam National Park. 


High Chromium Alloys 
By H. Schultz 


( ‘hief Metallurgist The ( alorizina Pitsburgh 


HILE heat resisting castings of the nomi- 

nal analysis 25‘) chromium, 10‘. nickel 
have been widely used for still tube supports by 
the petroleum refineries, and for other load- 
carrying parts in furnace mechanisms, it has 
been found that many have become embrittled 
after considerable service. Oil still tube sup- 
ports, wall brackets and roof hangers are sub- 
jected to uneven heating conditions — the 
projecting portions are always hotter than the 
parts bolted to the cold steel work outside the 
still. Since these high alloys have a large coetli- 
cient of expansion, severe temperature stresses 
are induced, and considerable ductility at all 
temperatures and after many temperature fluc- 
tuations is necessary to prevent the part from 
cracking and eventual rupture. 

Fortunately it happens that an unstable 
alloy “unstable” in the sense of losing its 
ductility in service—can be detected by a 
preliminary test requiring only 24 hr. at 1 100° 
F. Twin test pieces — one pulled in tension in 
the as-cast state, and the other pulled at room 
temperature after such heating — give figures 
that are quite indicative. In the as-cast condi- 
tion such an alloy may show S0°: or more 
elongation in 2 in., but after 24 hr. heating an 
“unstable” alloy (in the above sense) will have 
less than 5‘. 

Creep value and residual ductility in certain 
tvpes of 25°. chromium, 10° nickel analyses 
are apparently associated with each other. High 
resistance to creep can be secured by increasing 
the carbon or nitrogen content, but the ductility 
suffers after heating and cooling in service. 
High residual ductility (more than 10‘¢ instead 
of less than 5‘7) can be secured by reducing 
the carbon to the neighborhood of 0.35°7, but 
creep resistance suffers. A combination of both 
desirable properties may be had in 0.35‘° carbon 
alloys of this type containing also 0.107 nitro- 
gen and 1.0% molybdenum, Results on 38 heats 
are as follows (tested at room temperature 
after 24 hr. at 1100° F.): 

Ultimate tensile strength: 87,300 to 98,500 psi. 
(average 92,900 psi.). 

Yield (load at 0.006 in. extension in 2 in.): 
$9,790 to 54,590 psi. (average 41,000 psi.). 

Elongation in 2 in.: 11.5 to 830.50 (Cav. 21.5% ). 


Representative heats tested for creep by the 
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Department of Engineering Research at Univer- 
sity of Michigan gave the following results: 


TEMPERATURE Stress, Pst. © Creep in 10,000 Hr. 


1400° F. 1100 O.8 
1600 3100 0.8 
1800 1800 0.55 


All these facts have led to specification 
requirements dividing the high chromium alloys 
into four grades, the highest of which shall have 
minimum ultimate strength of 80,000 psi., mini- 
mum yield of 35,000 psi., and minimum elonga- 
tion of 9% in 2 in., all after 
heating 24 hr, at 1400° F. and 
furnace cooling. All heats 
of highest grade shall have a 
1000-hr. creep test made on 
them within the range of 
1400 to 2000° F. and must 
exceed minimum values such 
as 3600 psi. for 1% in 10,000 
hr. at 1400° F., 2600 psi. at 
1600° F., and 1600) psi. at 
1800° F, 

It may be of interest to 
record the design recommendations: Design 
stress in tension shall be figured on room tem- 
perature tests with factor of safety of six, or a 
figure based on expected life and creep strength 
(1‘. creep in 10,000 hr.), whichever gives the 
smaller value. If the life is 2 years, 65° of 
creep strength should be used; if 4 years, 60% 
of creep strength; 6 years, 55‘c of creep strength, 
and if 8 vears 50° of creep strength, Bearing 
stress may be 1.8 the tensile, and stress in single 
shear 80‘. of the tensile. Highest grade castings 
should be computed to lose by oxidation the fol- 
lowing: At 1800° F., 0.003 in. per vear; at 1900° 
F., 0.005 in. per vear; and at 2000° F., 0.007 in. 

It is expected that the results of advanced 
alloying and foundry practice will largely 
increase the utility of these less expensive but 
remarkably heat resistant alloys. 


Heat Resisting Alloys 
up to 35% nickel 


By R. J. W ike Ox 
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ONSIDERABLE ATTENTION been 
directed to the group of heat resisting alloys 
of the iron-chromium-nickel family containing 
39° nickel and under. While the higher alloys 
containing up to 80% nickel indicate the best 


stability against carburization and certain types 
of chemical attack at elevated temperatures, the 
lower nickel compositions have assumed greater 
engineering significance in the design of struc- 
tures and parts built to withstand temperatures 
up to 2100° F. 

Since the soundness and metallurgical 
cleanliness of the alloy casting frequently meas- 
ure the difference between success and failure 
of a particular unit, much attention and 
research effort is being directed toward prob- 
lems of “castability”, mold- 
ing sands and refractories, 
processes of solidification 
and methods of feeding. 
Centrifugal casting tech- 
nique has been improved 
and some of the earlier 
difficulties have been over- 
come with resulting 
improvement in such 
tubular products, and an 
expanding field of utility. 

Much work has been 
accomplished in determining the effects of such 
elements as silicon, manganese, calcium, nitro- 
gen, titanium and vanadium on casting charac- 
teristics, structural stability, and soundness in 
castings for pressure service. The use and con- 
trol of such elements has improved foundry 
practice. With such investigations still in prog- 
ress it is anticipated that in the not too dis- 
tant future, suflicient control data will be 
accumulated to indicate continued economies 
in production, and produce an even closer 
approximation to the metallurgical ideal. 

Heat resistance, like corrosion resistance, is 
a relative term. When considering a specific 
alloy subject to the conditions of service, the 
prime considerations are usually structural 
stability and resistance to chemical attack, thus 
assuring a reasonable degree of permanence in 
load carrying ability. While the most frequently 
used heat resisting alloys are relatively rich in 
nickel and chromium, much interest has been 
extended to the lower alloys (such as the 12% 
to 15° chromium alloys and the 5% chromium 
steels) and for milder conditions even the alloy 
structural steels. Thus A.S.T.M. Specification 
A157-36 for “Alloy Steel Castings for Valves, 
Flanges and Fittings for Service at Tempera- 
tures from 750° F. to 1100° F.” ineludes six 
types of ferritic steels from the carbon-molyb- 
denum steel to the 13°° chromium steel, and 
two types of austenitic steels, an 18° chromium, 
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nickel alloy and a 20‘: nickel, chro- 
mium alloy. For temperatures in excess of 
approximately 1100° F. it is usually necessary to 
use one of the higher alloys — such as the 25‘; 
chromium, nickel, or the 25% chromium, 
20% nickel, or the 35% nickel, 15°¢ chromium 

depending upon the chemical conditions 
encountered. 

Also of considerable importance are the 
heat resisting cast irons, such as the austenitic 
nickel-chromium and_ nickel-copper-chromium 
tvpes (advertised under the trade-name 
“ni-resist”) as well as the high chromium cast 
irons containing 24% chromium and upwards. 

As illustrated by C. E. MacQuigg in “The 
Book of Stainless Steels”, the major function of 
chromium in the heat resisting alloys is to 
impart resistance to oxidation, and resistance, 
under oxidizing conditions, to sulphur and 
oxides of nitrogen at temperatures up to 2100° F. 
An examination of his curve indicating oxida- 
tion losses at 1800° F. illustrates that not until 
approximately 5% to 7% chromium is reached 
is there any significant improvement in scale 
resistance. At that analysis the loss from oxida- 
tion is about one third that of steels containing 
no chromium. For relative non-scaling proper- 
ties at 1800° F., the curve indicates that it would 
be necessary to have some 20° or more of chro- 
mium in the absence of nickel. This laboratory 
conclusion is approximately substantiated in 
commercial practice. 

tecent developments in the 4% to 6% 
chromium steels are reported to have improved 
its scale resisting properties up 1500° F., by 
the addition of substantial quantities of silicon, 
titanium or aluminum. Approximately 0.50% 
molybdenum is reported as desirable in this 
alloy to enhance high temperature strength and 
prevent temper brittleness. 

For major heat resisting applications, how- 
ever, involving temperatures of approximately 
1100° F. to 2100° F., it is necessary to use the 
higher alloy compositions previously referred 
to, having a minimum of 15% chromium 
together with suflicient nickel to impart satis- 
factory chemical and structural stability. Under 
oxidizing conditions, the 35° nickel, 15° chro- 
mium alloy has, I believe, the best combination 
available of strength and permanence at tem- 
For sulphur bear- 


« 


peratures as high as 2100° F, 
ing atmospheres, the 25% chromium, 12° nickel 
alloy finds favor with furnace builders; it has 
strength values closely approximating the 35-15 
alloy first mentioned. 


Heat Resisting Castings 


nickel-chromium series 


By H. H. Harris 


‘Sit len} ( 1e1 ral All vs ( 


I! HAS BEEN PROVEN by laboratory investi- 

gations and borne out by service under 
widely varying conditions that high nickel, low 
chromium alloys are better suited for high tem- 
perature service (that is, from 1000 to 2200" F.) 
than are the high chromium, low nickel varie- 
ties. The only exception is where suflicient 
sulphur is present to cause destructive attack. 

However, when we come to the question of 
the physical properties of high temperature 
alloys, considerable mis-information exists. In 
the first place it is often forgotten that the prop- 
erties are determined not only by the nickel and 
chromium content, but are influenced by the 
ever-present carbon, silicon, manganese, and by 
other alloying elements intentionally added. 
Likewise it is most important that we recognize 
that wall section of castings influences grain 
size, thence physical properties, particularly its 
sustained ductility after high temperature serv- 
ice. Thin wall means fast cool — finer grain. 
Thick wall means slow cool— coarser grain. 
Furthermore, the physical properties, tested 
cold, of any of these alloys to be used in high 
temperature service give no indication of the 
capacity to resist strains and stresses arising 
from temperature reversals. 

The table from Alloy Casting Research 


Tensile Properties of Heat Resisting Alloys 
| 
24% Cr, | 600% 35% Ni, 
120. Ni Cr 15° Cr 


As-Cast, Tested at Room Temperature 


Tensile strength 70,000 66,000 64,000 
Proportional limit 21,000 15,800 14,000 
Yield strength 10,000 34,000 36,500 
Elongation 15.0 1.5% 
Reduction of area 16.06 5.5% 6.1% 
Castings After Heating 48 Hr. at 1600° F., Tested Cold 
Tensile strength 78.000 75.000 73,000 
Proportional limit 22.000 17,000 17,000 
Yield strength 17,000 35,000 39,000 
Elongation 1.0% 1.4% 1.4% 
Reduction of area 1.5% 5.5% 5.3% 


Short Time Tensile Properties at 1800° F, 


Tensile strength 12.000 9.900 11,000 
Proportional limit 5,000 2 200 5,000 
Yield strength 8.000 6.200 8.000 
Elongation 27.0% 12.5% 32.3% 
Reduction of area 45.0% 16.30 
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Engineering Properties of Monel Metal 
Jata from 
f PRODUCT NI Cu FE MN Cc AL Ss 
International Nickel Co., Inc. —- ———~ 
Wrought; Regular 67 30 1.4 1.0 0.1 0.15 ae (Note) 
= M om. oe Sy — solu- “K” (heat treatable) 66 29 0.9 04 0.25 0.15 3.3 0.005 
lon of nickel and copper 9 
approximately 67:30, with added Cast A gular 15 09 1.25 0.3 
i” \. elements to control certain H” ‘high strength) 65 29.5 1.5 0.9 3.0 0.1 
! properties. Typical composi- “S"” (non-galling) 63 30 2.0 0.9 4.0 0.1 
tions are as shown at right: 
(Note) A high sulphur variety called “R" Monel is free machining. 
Properties of Monel Metal Castings 
Physical Constants of Wrought Monel 
PROPERTY REGULAR H MONEL S MONEL ; 
Tensile strength (1000 psi.) 60 to 80 70 to 90 90 to 115 
Yield (1000 psi. for 0.5% extension) 30to 40 45to 65 70to 90 Density, Ib. per cu-in. ................0 0.318 
Elongation (% in 2 in.) 40to 20 20to 10 3to 1 Melting range 
Izod impact, ft-lb 65to 80 | 35to 45 lto 5 
Brinell hardness 125 to 150 170 to 210 280 to 325 
= pecific heat at to 212 
Rockwell number 55to75-B) ...... 32-C to 100° CG.) 0.127 
Temperature for slight oxidation .... 570° F. Heat expansion peg 
Annealing range (standard monel) ....1400 to 1800° F. at 80 to 212° F., per °F........... 0.0000077 
Fee) Forging range (standard monel) ...... 1600 to 2150° F. at 25° to 300° C., per °C........... 0.000015 
97 ‘ al c “tivity 
Pouring range for castings ............ 2750 to 2900° F. 
at zero to 100° C., cal./sq.cm./sec. 
Snore RockwettB SHore ROCKWELL B STRENGTH 256 
Dead soft <16 <—60 <16 < 60 70.000 42.5 
17 to 18 61 to 68 75,000 Temperature coefficient of electrical 
‘ resistivity 
} Soft skin-hard 17 to 20 61 to 73 | 0.0011 
<} Quarter hard 21 to 24 74 to 82 21 to 24 74 to 82 80,000 = 
/ Modulus of elasticity 
Half hard 25 to 30 83 to 89 25 to 30 83 to 89 90,000 — 26,000,000 
ee ee Three quarter 31 to 35 90 to 93 31 to 35 90 to 93 100,000 eee ee 9,500,000 
] Hard 36 to 40 94 to 97 36 to 40 94 to 97 110,000 Poisson's ratio 0.32 
Mechanical Properties cf K Monel 
CONDITION ULTIMATE* —— ELONGATION | REDUCTION BRINELL 
Soft, quenched from 1450 F. <120 <80 40 50 295 
$4 Reheated to 1000 F. 120 to 140 80 to 100 >30 >35 225 to 275 
: Reheated to 1100° F. 140 to 160 100 to 120 »20 »25 275 to 325 
Cold worked and reheated to 1100° F. > 160 > 120 >15 >20 >3257 
Koel *In 1000 psi. *Machined only with difficulty. 
* T 120 
110 Hot Rolled Mone/ at Elevated _| Averege Properties | | 
| Temperatures of Rods and forgings » 88 
100 100 &§ 
lzod impect- 
Re 
Tensi/e strength Tensile strength 
8 
2 70 70 
x Reduction of eree 
Short time tests Limiting Yield point 
% 50 + > + 4 50 OS 
© 01% creep in 
40 1000 Ar.> “Proportional! + 40 
limit CR 
+ 
13 Yield strength 30 XS 
02 % set Elongation 
Sefe working stress— Annesied Cold orewn 
Hotro/ied Hot ro/led 
0.0/1 % creep in 1000 Strength 
O 
200 400 600 800 1000 1200 S50 60 70 80 90 100 
Degrees Fahrenheit Rockwe//"B" Number 
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Institute shows the physical properties of 24-12, 
60-15, and 35-15 as-cast and at room tempera- 
ture. Note that on the basis of straight cold 
physical properties it would appear that a high 
chromium, low nickel alloy such as 24-12 is 
superior both in respect to strength and ductility 
to the two high nickel, lower chromium alloys. 
The second portion of the table shows the 
physical properties (tested at room tempera- 
ture) of these same three alloys after holding 
at 1600° F. for about 48 hr., a very minimum of 
high temperature exposure. It is obvious that 
as soon as the high chromium, low nickel mate- 
rial has been subjected to even a slight amount 
of high temperature exposure the superior 
ductility disappears and it no longer possesses 
the advantage in toughness manifested by the 
properties as-cast. As practically all heat resist- 
ing alloy castings fail by cracking, it is obvious 
that sustained ductility, as indicated by sus- 
tained elongation and reduction of area after 
repeated heating and cooling, is a fair index of 
life under intermittent heating. 

It was only a little while ago that I heard a 
rather well-known research metallurgist, but a 
newcomer to this field, wonder why anybody 
should use high nickel, low chromium material 
like 60-15 when the physical properties of 24-12 
“are so much better”. He was, of course, basing 
his observation on the cold physical properties. 

The lower portion of the table shows the 
short-time tensile properties of castings when 
pulled at 1800° F. It is most significant that we 
then find the high nickel materials showing 
values in tensile strength, proportional limit and 
yield strength, entirely comparable with those 
of the 24-12 material in column one, but both 
of these alloys possess values, with respect to 
elongation and reduction of area, which are 
outstandingly superior. It is further well known 
that over long periods of service their basic 
strength-carrying capacity, together with their 
elongation and reduction as measures of their 
ability to resist shock, are preserved, whereas 
there is a gradual decline in the corresponding 
values of the chromium, nickel mate- 
rial. The metallurgical reason for this is that 
the higher nickel analyses are microstructurally 
more stable, and precipitate carbides from the 
matrix at a very slow rate. 

These data, from the investigations of the 
Alloy Casting Research Institute, merely confirm 
what has long been known by the well-informed. 
The temptation to economize in first cost has 
led many to use chromium-nickel alloys where 
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nickel-chromium is manifestly superior, or to 
use too low an alloy content when the latter 
family is chosen. The 38 Ni, 18 Cr alloy, for 
example, returns its average of 3¢ per Ib. addi- 
tional cost over 35 Ni, 15 Cr many times over. 
In this connection it is well to repeat what was 
said in these pages a year ago: 

Up to about 35% nickel, 15% chromium, how- 
ever, the alloys are subject to microstructural 
changes within the temperature ranges at which 
they are commonly used. Such microstructural 
transformations are a potent cause of trouble. The 
higher nickel-chromium alloys are also resistant 
to “heat fatigue” (breakdown due to the repeated 
stresses of heating and cooling) and embrittlement 
by carbon penetration. Since almost all failures 
of alloy parts come from heat fatigue rather than 
from uniform exposure, the practical criterion for 
evaluating them should be “How long will the 
material withstand intermittent heating and cooling 
without cracking?” The stresses imposed on most 
alloy by contact of cold charges on hot alloy parts, 
effect of irregular temperatures in the furnace and 
variable sections in the same piece — all of these 
add to a far greater total in most instances than 
the stresses produced by the load which is carried. 

Principal improvements in alloys, achieved 
during the last year, come from refinements in 
secondary alloying ingredients for specific 
resistance characteristics — hot bearings for 
example. Recent introduction of much more 
specialized alloy engineering and design tech- 
nique tending to higher mechanization of fur- 
naces, including high temperature roller 
bearings, gearing, and similar elements, is mak- 
ing obsolete most mechanical furnaces and car- 
burizing containers for compound or gas. 
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Heating Element 
Materials 


By F. E. Bash 
ager, | echnical 


80°) NICKEL-CHROMIUM is still the out- 

standing material for use in heating ele- 
ments where resistance to oxidation at high 
lemperatures and general mechanical durability 
is desired. 

Creep tests made during the last vear on 
this alloy at 2000° F. indicate that a stress of 
200) psi. caused a creep of in 10,000) hr. 
This verifies the general experience of furnace 
designers who have used this figure in their 
calculations, 2 figure formerly based upon 
results which have been obtained in the field. 

Since itis only through the development of 
tests which may reproduce conditions met with 
in industry that ways can be worked out for 
improving materials or solving difficulties, coop- 
erative work is constantly being done through 
committees of the American Society for Testing 
Materials to work out test methods. 

The life test is still being used as a vard- 
stick for control. In future development of 
electrical heating materials it will 
continue to be used, as it has been 
found to be a very useful tool. It 
must be remembered, however, 
that this test only measures the 
resistance to oxidation; other fac- 
tors are encountered in the prac- 
tical application of the alloy. An 
example in point is the use of heat- 
ing elements in furnaces, where 
the atmospheres are not oxidizing 

as for example, in brazing fur- 
naces, Where the atmosphere is 
produced and maintained by the 
use of partially burned city gas 
or natural gas. Tests are under 
development which will attempt 
to reproduce atmospheres as well 
as temperature conditions occurring in furnaces 
of this sort; such a test may, of course, be used 
to determine the gas analyses that may give the 
best life of the resistor. 

Work has also been done this year and a 
program is laid out for more laboratory work 
to determine the effects of various ceramics and 
other materials that may come in contact with 
heating elements. 


In view of the greater durability and life at 
high temperatures of the improved 80-20 wire 
and ribbon that is now available, the tendency 
is to design and operate at higher watt densities; 
this results in greater efliciency. The future 
trend is certainly in this direction. 


new requirements for 


High Nickel Alloys 


By Badeau 


internations Ni bel Clo. York C 


SES of Monel, nickel and Inconel are daily 

being expanded to meet the requirements 
of new trends, new applications and even new 
industries. Among the most interesting pos- 
sibilities in the last group is television. This 
latest development in the science of communica- 
tion has been a commercial reality for less than 
six months. Yet, already, it has shown marked 
progress. Within the past few weeks technical 
improvements have been such as to make pos- 
sible the successful telecast of a baseball game. 
As the new industry begins to hit its stride much 
of the early doubt with which it was surrounded 
in the public mind has begun to disappear. 
Sales of television sets defi- 
nitely have started to mount. 

Since each television set 
contains from 16 to more 
than 30 tubes——-many of 
them entirely dependent for 
satisfactory operation upon 
metal parts of pure nickel, 
they hold no small prospect 


for the nickel industry. 

Transportation for vears 
has formed one of the major 
outlets for nickel and nickel 
allovs. While the bulk of 
consumption by railroads, 
airplane, motorcar, and ship- 
builders has been in the form 
of nickel irons and steels, a 
growing use is being made of rolled nickel and 
high nickel alloys of special characteristics such 
as Monel and Inconel. 

Everything seems to point to larger and 
faster airplanes for overland as well as trans- 
oceanic service. Examples are found in the 
new clipper ships as well as the new DC-4 
Douglas land planes ordered by United Airlines. 
Exhaust manifolds and cabin heaters for these 
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planes are made of 
Inconel because of 
its resistance to 
hot, corrosive 
exhaust gases 
whose natural 
enmity to metals is 
increased by higher 
and higher engine 
horsepowers. Each 


of the clipper ships 
flving the Atlantic 
or the Pacific uses about 1200 Ib. of Inconel. 

On board ship new uses for Monel have 
been developed, which, with the increased activ- 
itv in American shipyards, will require thou- 
sands of pounds of this alloy. Among these 
uses are refrigerator linings, for which Monel 
has proved especially adapted. 

Newer materials such as “K” Monel, a heat 
treatable alloy with mechanical properties 
rarely obtained in a non-ferrous material, are 
likewise apt to benefit from increased ship- 
building. “K” Monel has many uses from pump 
shafts and sleeves to valve disks and stems in 
high temperature steam lines. 

A recently developed use which also holds 
promise is for corrosion resistant bearings of 
ball or roller types. 

From the marine field comes another devel- 
opment that promises additional tonnage in that 
field, in other fields of transportation and in 
industrial plants. This is the use of nickel for 
bin and container linings of all kinds, especially 
for the handling of rayon quality caustic soda. 
This development was given impetus within 
recent months by the use of 60,000 Ib. of nickel 
for lining the holds of a cargo boat. Plans are 
already underway for the lining of tank cars 
and storage tanks. Lined tanks in the form of 
nickel-clad steel, of course, are generally used 
in a variety of chemical and food industries. 

New achievements in fabrica- 
tion are being noted. At the New 
York World’s Fair a pure nickel 
tube 0.026 in. in diameter is on 
display. This is believed to be the 
smallest metal tube ever produced 
and its manufacturers are discuss- 
ing the production of an even 
smaller size, though as vet such 
tubes have litthe or no commercial 
use. They illustrate, however, the 
extent to which modern fabrication 
methods have progressed. 


Even the modern brewery may be trans- 
formed by replacing historic materials with 
white metals. Forerunner of such a possibility 
is found in Canada where a Sudbury firm 
thoroughly renovated its plant and installed 
brewing kettles and other equipment of nickel 
and nickel-clad steel. Pipe lines of nickel were 
also used. Where it was found more expedient 
to make certain ornamental and other castings 
out of brass, they were nickel plated before 
installation. 

Another alloy, which like “K” Monel com- 
bines the corrosion resistance of nickel and 
high nickel alloys with the mechanical proper- 
ties of the higher strength ferrous alloys, is “Z” 
Nickel. Like “K” Monel, it can be heat treated. 
Since it is an alloy of relatively recent develop- 
ment, its full possibilities have not completely 
been explored. It has been found highly useful 
for springs and other small parts, particularly 
in electrical equipment. Many possibilities will 
be realized within the next year. 

The increasing use of plastics of all kinds 
presents an exceptional range of opportunities 
since pure nickel is essential for many items of 
storage and processing equipment. As indicated 
above, the production of rayon, with its need 
for caustic soda free from harmful metallic con- 
tamination, continues to increase its demands 
for nickel and nickel-clad steel. 

A growing use of clad materials, inciden- 
tally, has been noted. Included are both 
Inconel-clad and nickel-clad steel plate, and 
rolls of a variety of materials covered with 
nickel, Monel and Inconel sheet. 

Various government projects —— planned or 
now under construction — will account for some 
large tonnages in this group of nickel alloys. 
Outstanding among these is the new Fort Peck 
Dam, being built by the U.S. Army engineers 
for flood control and navigation on the Missouri 
and Mississippi Rivers. The huge valve gates 
almost 30 ft. in diameter 

are equipped with valve 
seats of heavy Monel forg- 
ings. 

Almost the entire roll 
of industry could be called 
in this fashion, and almost 
the entire list would reveal 


4 


some important develop- 
ment in which some prod- 
uct of the nickel industry 
will make an important 
contribution. 
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These highly castings are 
shown to strengthen your conviction that — 
is no substitute for experience and—if y 
know alloys—that General Alloys 
quality 


for YEARS 

CONSECUTIVELY 
GENERAL ALLOYS COMPANY) 
$i AVE been the largest exhibitors in our line at the Metal Shows. During this 


time we have carried more advertising in A.S.M. publications than all competitor 
combined. 


Accepting the responsibilities of leadership of an industry, our exhibit at the 193! 
A.S.M. National Metals Exposition will establish NEW HIGHS IN ALLOY ENGINEERING 
—METALLURGY—FOUNDRY PRACTICE—SERVICE RECORDS. Supporting our forms 
Exhibit, the largest installations of heat resisting alloys in Chicago—predominan'! 
Q-Alloys—can be seen on “Plant Visitation” Programs of A.S.M. 


SIT THIS GREAT SHOW! 
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TENT (BOOTH B-123) AT 
CHICAGO'S METAL SHOW 


MAURATH, INC., CLEVELAND 


BUILDER OF BETTER WELDING ELECTRODES IN ALL ANALYSES 
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Welding and Cutting 


Flash Welding 


By Robert E. Kinkead 
insulting Engineer, Welding: Cleveland, Ohio 


RECENT DEVELOPMENT in high speed 

welding operation in a modern strip mill 
has been carried out jointly by the United 
Engineering & Foundry Co. and the Federal 
Welder & Machine Co. This is an automatic 
flash welding machine installed ahead of the 
pickling line. It works as follows: Hot-rolled 
strip steel in coils is delivered to the uncoiler 
ahead of the pickling line. Several turns are 
uncoiled and the end sheared and welded to the 
squared end of a preceding coil. Steel is 
thereupon delivered into the pit ahead of the 
pickling vats as a continuous ribbon. On the 
delivery end of the pickling vats some welds are 
cut out, but only to give a size of coil which can 
be handled with existing equipment. 

The welding machine itself is fully auto- 
matic from the time the signal “All clear to 
weld” is given on the control panel until the 
weld is made, stripped, side clipped, and picked 
up by the pinch rolls to be delivered into the pit. 

In operation the abutting ends of the two 
coils are first sheared square in an up-cut shear, 
then clamped in the welder clamps, again 
sheared by a rotary shear which goes between 
the welder clamps. The welding cycle is then 
carried out and a hydraulic gripper pulls the 
strip through a V-shaped plow to strip any flash. 
When this operation stops the weld is in the 
right position to have the side clippers remove 
the uneven ends of the weld. 

This equipment gives more output per 
pickle line. It produces soft welds which will 
go through the cold mills without failure and 
be rolled down without causing a perceptible 
“bump” in the mill. 


Electric Arc Welding 


By J. Larson 
( y insulting Welding engineer 
Milwaukee, Wis 


HE USE OF WELDING as a method of fab- 

rication continues to increase. Each year 
finds new companies adopting welding for some 
of their products and former users of the proc- 
ess increasing their amount of welding. Castings 
are being replaced by fabricated structures and 
rivets are being replaced by welds. Gradually, 
also, engineers who have not trusted welding 
for some of their structures are being educated 
and convinced that the process is reliable when 
used under proper supervision. 

In the development of equipment one of 
the chief objectives is an improvement in the 
welding characteristics, particularly in the low 
amperage range. Machines are being simplified 
in construction and weak points eliminated to 
reduce maintenance costs. Furthermore the 
price has been materially reduced. A new tube 
rectifier has been developed which operates 
satisfactorily at very low current, 10 amperes or 
less. This will result in many applications to 
light gage material, for which are welding was 
formerly impractical. 

In the manufacture of electrodes an effort 
is being made to increase uniformity. This is 
no simple task. It often requires a considerable 
investigation to determine the causes of varia- 
tions in behavior. Numerous specialized elec- 
trodes now accomplish certain results, such as 
increased speed, smoother finish, less spatter, 
better operation with alternating current. In 
some cases these results are attained by modify- 
ing old types and in other cases by developing 
new ones. Efforts to obtain the shielded are 
action with a continuous electrode continue. 
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Speed of Manual Are Welding 


in 


down position and 100% operation factor. Discount speeds according to efficiency of shop 
management up to 50% for piece work and 67% for day work 


Coated Flectrodge or Shielded Are ————B8are, Washed or Dusted Electrode 
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Data from “Procedure Handbook of Arc Welding ~ Lincoin Electric Co.,except curves marked CHJ. 
from “How to Weld 29 Meta/s* by Charles 17. Jennings , Westinghouse Elec. & Mfg. Co. 
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For certain applications the use of coating 
material in the form of tape which is progres- 
sively formed around the steel core by the 
welding head has produced excellent results. 

Atomic hydrogen welding, which has some 
characteristics of both are and gas, has found 
increased application in the last vear or two. 
The quality of the joints made with this process 
has always been excellent, but 
for all except light gage or 
special material it has been 
considered too expensive. It 
has now been demonstrated 
that by the use of multiple 
ares the process can compete 
successfully, on a cost basis, 
with metallic are welding 
even on medium heavy plates. 
However, considerable equip- 
ment is required and the process is therefore 
limited to mass production. 

From the standpoint of the user, more accu- 
rate quantitative data on both equipment and 
electrodes are desirable. New models of weld- 
ing machines are brought out from time to time 
and the user must decide whether it is more 
economical to trade in his old equipment or to 
continue using it. Obviously if his old equip- 
ment will not satisfactorily do the work 
required, or if maintenance excessive, it 
should be replaced. But if the old machines are 
doing satisfactory work, should they be replaced 
because of the increased electrical and welding 
efliciencies of the new? Data on the relative 
efliciencies are lacking, and difficult to obtain 
in the average shop. 

When buying new equipment the user must 
decide between alternating and direct current. 
For certain purposes direct current is alone 
suitable; for others alternating current; but in 
many instances either type can be used. The 
choice then depends upon a number of factors, 
among which are the relative power costs and 
the welding efficiency of each type. Most data 
on these factors are too general to be of value 
in specific decisions. 

More data on the mechanical properties of 
weld metal made with various types of elec- 
trodes would be helpful to the user. Properties 
are affected to a greater or less degree by stress 
relieving and by annealing. Although some 
electrodes are used primarily structures 
which are stress relieved, and others on struc- 
tures which are not heat treated, both types may 
be used on the same structure. It is therefore 


desirable to know the properties of welds after 
various heat treatments, 

The conditions under which the welds are 
made may also affect their properties. Size of 
electrodes, welding amperage and voltage, and 
temperature of the work influence the deposited 
metal, more or less depending upon the type of 
Some specifications for weld rods 


electrode. 


permit, or even stipulate, 
welding conditions which 
differ greatly from those 
under which the electrodes 
are actually used. If the 
effect of changes in welding 
conditions were the same for 
all types of electrodes, com- 
parative values would be 
obtained when all types of 
electrodes were tested under 
the same conditions. Unfortunately this is not 
the case, and it is therefore important to know 
the properties after welding under the actual 
conditions in production, 

The welding industry as a whole would 
benefit greatly by the standardization of codes, 
particularly the sections which govern qualifi- 
cation tests. Even though a manufacturer has 
qualitied his process and operators for work 
under one code, he may be required to re-qual- 
ifv before starting similar work covered by 
another code. If all the code-making bodies 
adopted the same procedure for testing each 
tvpe of weld it would save the manufacturers 
both time and money. Any unnecessary expense 
increases the cost and retards the acceptance of 
welded machinery and structures. 


Resistance Welding 
By W. Forkner 


( ief nagnee! 


The Feder il Ma hine Welder ( W arre n ( )} 


OR A NUMBER OF YEARS, following the 

introduction of spot welding, progress was 
marked by the pronounced trend to speed up 
welding operations. As a result of constant 
effort expended toward this end, present-day 
multiple point machines, of the ultra-speed type, 
provide facilities for making as many as one 
thousand spot welds per minute. Time and 
thought given to gaining greater speed, together 
with the delay necessary for development of 
new metals and alloys, contributed to retard a 
rapid change in welding technique; however 
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this change was expedited, in a great degree, by 
concerted effort on the part of various manufac- 
turers of precision devices for current control. 
Prior to the advent of precision control of elec- 
tric current, materials such as aluminum, stain- 
less steel or high zine alloys were considered 
not well adapted to welding. 

During long current dwell on the latter 
mentioned alloy, the zine had a tendency to 
gasify during the heat period, which greatly 
impaired the strength of the weld. Today, with 
adequate current available, and through the use 
of short precision timing, we join such materials 
with no question as to quality of the operation. 

The limited heat range of aluminum alloys 
presents a similar problem, so far as accurate 
control of current is concerned. Stainless steel, 
most of which has been through a cold working 
process, requires definite control of current in 
order to confine the heat to the weld zone. 

The foregoing relative to technique, being 
definitely established at present as good prac- 
tice, opens an unlimited field to future industry. 
We may point to one example where resistance 
welding is being used (in a limited manner at 
present) in the production of some component 
assemblies by various leading producers of air- 
craft. This certainly indicates a bright future 
for further development in the welding field. 
Fabrication of entire wing, fuselage and empen- 
nage sections of aircraft, by means of resistance 
welding, should not be regarded as distant. 

In keeping with progress made in the spot 
welding of numerous alloys, other resistance 
welding applications have improved accord- 
ingly. The writer refers, in this instance, to 
flash welding of similar and dissimilar alloys. 
One such example is the welding of landing gear 
rims of aluminum alloy. In manufacturing 
sequence the stock is cut to developed length 
and width. It is then curled in rolls to establish 
the correct cross section and shape. The abut- 
ting ends are then flash welded together. In 
this manner the diameter and cross section are 
maintained with reasonable accuracy. 

Other methods are worthy of mention, even 
though not particularly new in origin, one of 
which is the application of resistance heating for 
hardening, upsetting or annealing to suit special 
requirements. This is usually accomplished 
with the use of a flash welding type of machine. 
Current is generally applied long enough to 
eliminate any necessity for a precision control 
of a synchronous type; however, if the opera- 
tion involves a critical heat range, a photo-elec- 


tric set-up may be employed. In the latter case, 
the work is used as the light source, and the 
photo-electric cell adjusted to meet the heating 
requirements. This type of operation points to 
a fairly broad field and, in addition, may offer 
a solution to other conventional jobs, such as 
hot heading, or operations of a similar nature. 

In many instances, developments of today 
are accepted practices of tomorrow. In like 
manner, conventional practices of today often 
furnish the basic requisites for future develop- 


ments. 


Pipe Line Welding 
By Lewis F. Scherer 


Assistant Chief Engineer 
The Texas Pipe Line Co, Houston, Texas 

IPE line company oflicials have generally 

been occupied during the past year with 
other problems than the technique of pipe line 
welding. These seem to have reached a satis- 
factory state, at the moment. In fact, through 
improvement of the joints it has become possi- 
ble for us in the pipe line industry to use very 
light pipe. The tendency noticeable a couple 
of vears ago among a few companies has now 
become quite general. The use of this light 
pipe (which is still within the safe working 
stresses of the pipe steel) has permitted a con- 
siderable saving in construction costs. 

In view of the above, I feel, more than ever 
before, that there is a very definite need for 
the development of suitable equipment to per- 
mit rapid and accurate inspection of butt welds 
in pipe lines. This is a problem that must be 
solved in the immediate future. 


oxy-acetylene 


Mechanical Welding 
By (lenn O. Carter 


Consulting Engineer, The Linde Air Products Co 
New York City 

wie it is generally conceded that the 

current trend of development in high- 
speed welding is toward mechanization, it may 
be said that, until recently, the inherent flexi- 
bility of the oxy-acetvlene flame paradoxically 
handicapped mechanization of the oxy-acety- 
lene process. In other words, the oxy-acetylene 
flame has been used almost exclusively in hand- 
operated welding blowpipes where flexibility 
was a predominant requirement. Now, however, 
it is becoming more and more evident that 
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mechanization with the oxy- 
acetylene process offers very defi- 
nite possibilities, particularly for 
many sheet metal applications. 

Of considerable interest, and 
perhaps one of the most spec- 
tacular examples in the field of 
mechanization, is the recent 
development in tube welding. 
This operation has been increased 
as much as 300° in speed in the 
last few vears. For example, with 
20-gage material it is now possi- 
ble to weld continuous tubing at 
a rate of 50 ft. per min., whereas 
a few years ago 15 ft. per min. 
was much better than average. 

Latest developments also 
indicate a definite trend towards 
mechanization in those processes 
using rod or added weld metal. 
This is equally true with respect to both ferrous 
and non-ferrous metals. Among such develop- 
ments, now either in commercial use or nearing 
commercial introduction, is the welding of steel 
containers, made of halves joined with a single 
circumferential weld. The mechanical welding 
of aluminum beer barrels of similar assembly 
also appears to be very near to commercial 
utilization. 

Present indications also seem to reveal a 
very broad field for mechanization of bronze 
welding, using the oxy-acetylene flame in con- 
junction with vapor flux. This principle is 
applicable not only to steel, but also to non- 
ferrous metals such as everdur and copper. 
either solid or clad. Speeds ranging from 6 ft. 
per min. on 20-gage material to 3 ft. per min. on 
ll-gage material have been obtained. Material 
as thin as 28 gage has been joined successfully 
by oxy-acetylene mechanical welding at speeds 
of better than 10 ft. per min. 


Flame Cutting 
By George V. Slottman 


Acting Manager, Applied Engineering [ Jept 
Air Reduction Sales Co. New York City 


LATE EDGE PREPARATION, the = simul- 
taneous culting of double and triple bevels 
on plate edges with a single pass of the oxy- 
acetylene cutting machine, is an application on 
which shipbuilders are focusing attention. Close 
fit-up, tolerances in the thousandths, are pre- 


senting the oxy-acetylene industry 
with a real problem in precision. 
Striking success in solving this 
problem has been obtained with 
the use of multi-torch units, but 
considerable development work 
in the cutting technique remains 
to be done. 

An insistent and general 
demand for highly accurate cut- 
ting for welded fabrication has 
been noted. At the present time, 
tolerances of less than ,'y in. in 
5-ft. diameter circles are being 
required by some equipment 
manufacturers. The question of 
ultimate accuracy guaranteeable 
in machine cutting is affected by 
tolerances in machine construc- 
tion, accuracy of the oxygen cul- 
ting jet, and to a considerable 
extent, by movement of the piece from heat 
venerated at the cut edge. Machine inaccura- 
cies can be reduced below any reasonable 
required tolerance at a cost, since machine 
accuracy depends largely on the quality built 
into the machine. The accuracy of the cutting 
jet, particularly on thin plate, is largely a mat- 
ter of cutting tip maintenance. On heavy sec- 
tions, however, there is undoubtedly room for 
improvement in tip forms. Movement of the 
piece being cut, the major cause of inaccuracy 
in machine cutting large sections, has received 
much study both in the plant and the labora- 
torv. The ultimate goal of machine cutting is to 
obtain accuracies approaching fine machining. 

Flame machining still remains the most 
interesting commercially dormant application 
of the oxygen cutting principle. Why this 
should be so in view of the fact that apparatus 
for this process and a developed technique have 
long been available is diflicult to discern, partic- 
ularly in view of the universal adoption of the 
flame machining principle in the surface cendi- 
tioning of huge tonnages of raw steel for the 
finishing mills. The choice of rough machining 
tools versus flame machining is the choice of 
high initial investment and low operating cost 
for the machine tool against smaller capital 
investment and higher operating cost of flame 
machining; it is affected also by the reluctance 
of well tooled industries to allow such equip- 
ment to stand idle. Flame machining is cer- 
tainly one of the operations of the future, and 
to the future also must be consigned the ques- 
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tion of where and 
when it will become 
a generally recog- 
nized tool of indus- 
try. 

Viewing the past 
vear retrospect, 
the most significant 
thing about flame 
cutting was the con- 
tinued application of 
the deseaming tech- 
nique to the conditioning of high quality steels. 
First regarded as a method of salvaging steel 
stocks with surfaces too badly cracked to war- 
rant the cost of chisel chipping, and later as 
a rapid and eflicient method of conditioning 
common grades of steel, it is now recognized as 
capable of handling the highest quality steels. 
Certain precautionary treatments must be 
employed, such as preheating of air hardening 
and other thermally sensitive steels to moderate 
temperatures; thereupon they can be deseamed 
as readily and cheaply as the common steels. 

Active studies still in progress along these 
lines lend emphasis to the relative youth of 
the oxy-acetyvlene cutting process, and to the 
many new uses still to be developed before it 
can be thought of as having reached maturity. 


Differential Hardening 
by the oxy-acetylene flame 


By A. B. Kinzel 


4 
Chief Metalluraist 


Inion ( carbide farbon Researe! Lab ratories 


Hk PAST YEAR has witnessed the transition 

of the flame hardening process from a novel 
surface hardening method which offered attrac- 
tive possibilities to a precision process for heat 
treating surfaces — both in production and in 
maintenance. The growth and widespread 
acceptance of the process is a repetition of the 
normal progress of a new tool of industry pos- 
sessing unique and unusual properties. 

Today the metal products purchaser, 
whether buying a small valve stem or a large 
power shovel, demands a long lived, wear resist- 
ing article. Flame hardening enables the 
designer to combine requisite surface hardness 
with desired core properties through the proper 
application of the oxy-acetylene flame to parts 
in final stages of manufacture. Flexibility of 
the process with correlative ability to harden 


that portion, and only that portion, of a member 
to be subjected to wear is an important phase 
of the development. Another important phase 
is the ability to provide predetermined depth of 
hardness which may be well in excess of that 
commercially obtainable by other methods of 
casehardening. The ability to control distor- 
tion within narrow limits is still another factor. 
Experience with the application of the process 
has now reached the stage where new applica- 
tions may be practically resolved to combina- 
tions of older applications with assurance of 
consistent quality production. 

The following flame hardened articles illus- 
trate the wide field of application and perhaps 
suggest many other objects which may be 
improved by the process: Machine tool ways, 
gears and sprockets of all shapes and sizes, oil 
well tool joints, engine valve stems, pump liners, 
piston rods, cams, ice skates, hog knives, rolls 
of all kinds, spindles, drill bits, wrenches, plug 
valves, shafts, shear blades, rail ends, crankshaft 
bearings, crane wheels, link pins, tractor rollers. 

It is generally agreed that the flame harden- 
ing process is destined to become increasingly 
important because it is unhampered by many 
of the restrictions placed on older methods. — It 
is simple, flexible, inexpensive, and can be 
applied to a large number of common steels, to 
cast iron and malleable iron, as well as to car- 


burized articles. 


Hard Surfacing 
By Charles H. Shapiro 


Metalluraist Reed ler Bit Co lousk mM, Texas 


ARD SURFACING, referred to also as 
“hard-facing”, is the process of protecting 
or prolonging the life of a surface by depositing 
thereon a hard wear resisting alloy. The chief 
characteristic of hard surfacing materials is 
their ability to attain a high degree of hardness 
on deposition without further heat treatment. 
Hard surfacing is no longer limited to the 
reclaiming of old worn parts, but is being 
applied to an increasing number of new parts 
before their first use. Each day sees a greater 
and wider adaptation. The result therefrom is 
increased life when applied to new parts, eco- 
nomical method of salvaging and rebuilding of 
worn parts, and an over-all increase in the 
general operating efliciency of the part itself. 
Deposition of the abrasion resistant, hard 
surfacing materials can be either by the electric 
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or acetylene process. The procedure used in 
the fusion of “hard-metals” varies somewhat 
according to the tool being surfaced. Since 
economy and efliciency are directly controlled 
by the application method, much study has been 
given to this point. The main problems encoun- 
tered are (a) alloying of the hard-surfacing 
with the base metal, (b) proper method of 
attachment of the hard-metal with the base 
metal, and (c) grinding and preparation of the 
finished surface. 

Materials for hard surfacing fall into three 
general classifications: 1. Alloys with a ferrous 
base. 2. Non-ferrous alloys. 3. “Hard carbide, 
diamond substitutes.” 

The first class of materials finds a wide- 
spread and general use where a high order of 
hardness and abrasion resistance is not neces- 
sary but where impact loads are quite severe. 
These ferrous alloys are very often used in the 
rebuilding of a part to size and act as a base 
as well as a binder metal for the harder surfac- 
ing materials. The second class is one in which 
most metallurgists have some knowledge. It is 
the tvpe represented by the well known chro- 
mium-tungsten-cobalt) family of alloys and 
others with similar properties. The third classi- 
fication is that of “diamond substitutes” such 
as tungsten and boron carbides. 

New application methods are continually 
being developed, especially for the diamond 
substitutes. The newest of these is that of 
“sweating-on”. Metal so applied is found to be 
uniformly distributed on the surface covered. 
By this method one can limit the amount of 
alloving that will take place between the hard 
surfacing and the base metals. The amount of 
hard surfacing metal used is also held to a 
minimum, “Sweating-on” results in a desir- 
able combination of hardness and toughness. 
Carbides may be successfully “sweated-on” by 
the oxy-acetvlene or the atomic-hydrogen weld- 
ing processes. 

The future will see a more widespread use 
of hard surfacing materials those fields 
which recognize its advantages, and many uses 
in new fields, at present unexplored. 

It may be of interest to point out that hard 
surfacing, in some form as applied by fusion 
welding, has found a number of uses in almost 
every production field. In the automotive 
industry a recent survey found more than 40 
major hard surfacing applications on various 
tools and parts, and the number is increasing. 
In the steel mills of today there are records 


of more than 120 note- 
worthy applications of 
hard surfacing metals, 
each of which increases 
efliciency and economy 
and lengthens the life 
of an important part. 
The advantages can be 
readily appreciated if it 
is considered that parts 
which receive a hard 
surfacing application show an increase in life 
and efliciency which varies from two to ten 
times that of an identical piece without it. 

One can see a great future for the use of 
hard surfacing as applied to various war imple- 
ments and equipment. Hard metals have come 
into use since the great War, and therefore have 
not as vet had a chance to play their part, but 
the advantages of this material may soon be 
utilized to the fullest. 

The writer's first experience with hard 
surfacing metals dates back to 1921. In the 
15 vears intervening, an ever increasing number 
of uses have been noticed. It can safely be said 
that hard surfacing is indispensable to the oil 
industry. The advances made in the drilling 
and petroleum producing division, to all prac- 
tical purposes, date from the introduction of 
hard-surfacing materials. There are a number 
of examples in other industries in which a sim- 
ilar story could be told of hard surfaces resullt- 
ing in economy and in the solution of vexing 
problems, increasing the life of various tools, 
eliminating shut-downs, salvaging parts, and 
maintaining high production rates. 

There are many diflicult problems in the 
manufacture and application of hard surfacing 
materials which are being given intensive study. 
The future will see their solution and the bene- 
fits therefrom will accrue to all industry. 


Residual Stresses 


By James ( lodge 
Chief Metallurgist 


The Babcock & Wilcox Co. Barberton, Ohi 


| RECENT YEARS much investigational 

work has been conducted into the character, 
magnitude and distribution of the internal 
stresses resulting from fusion welding, and the 
internal stress patterns of the more simple types 
of welded joints as made by different fusion 
welding processes have become fairly well 
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Welding Symbols 


Adopted as Standard by American Welding Society, /9357 


For Resistance 
For Fusion Weloing For Both Welding 
S Type of Weld 
Type of Weld }ox YP 
| © |Squarel vee |Beve/| U J X 
LIM VY IY e |} XK | | 


Standard Locatron of Information on Welding Symbols 


Root opening, or smaller-~ C <«—finish for weld (when used) 


angle on fillet <—Flush symbo/ 
Except for a” Arrow connecting reference /ine 
Omit tail when plugorsiot included center line of we/d, to grooved 


: or detail re- . 
soechtication ‘fanence member, or in section or end 
views to near side 


erence not used_. Sj | 0 | 
Specification 5 Hace symbol reference /ine 


reference joint (not in line with 

line refer to near side; \ symbo/ 

above line to farside Lo \ Witch of non-continuous welds 

Spece for symbols showing type of we/d, \_ Length of weld or increments of non-con- 
offset symbols for staggered intermittent fillets tinuous welds (omit for resistance welds) 


Signifrcance of Typical Combinations 


A Indicates continuous g Significance. Weld ail around 
Ja*fillet weld onnear (encircling member as faras possible). 
side,meade undershops Velf2-5 Near side: fillet, 2*iong,5’on centers. 


own specification A, - Far side: plate has %4”/ groove [shops 
standard), continuous weld 


Specing [ | | 
4] right-hand side of drawing; 


3 34 9. 


= piece numerics! data on vertica/ 
Fillet weld bath sides for6" Té*fillet welds 2*/ong, reference lines so reader is 
Welds on both sides are 4’on centers, opposite properly oriented y 
7 eages onplates clearing abutting plates with 
When one member? 48", welded from near U groove 78"deep, near 
only i's to be grooved* Side, /4 penetration re- side chipped smooth 
arrows point to that quired 
member, thus: Shop’s Std. 


. an Symbols govern to break in continuity of struc- 
Indicates plates bevelled at 45, e ture or to extent of hatching or dimension lines. 


root opening Y*on assembly, 
90° bead deposited on root side ~* 


Strength of resistance welds in hundreds of 
pounds noted instesd of size: 


Indicates field weld both sides , by shop's 
specification Ae. 
Vertical plate 
Pouble/ groove. fs 


Weld far side : | 
continuous. SN L000Ib. 150076. F500-/b. 
Near side:2 Tong, spot welds, projection welds seamweld,9 Tong, 
centers @ S*centers @ &"centers flush near side 


For other combinations see “Welding Journal’, June 1957? 
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understood. Under normal welding procedures 
stresses approaching the yield point of the weld 
or base metal have been generally found. 

The effect of such residual stresses upon 
the serviceability of welded structures under 
different types of loading is not as well defined 
as our present knowledge of their magnitude 
and distribution. Unfortunately we generally 
lack experimental procedures to determine their 
effects under varying service conditions. This 
is due to the difficulty of correlating observa- 
tions on even large laboratory models with the 
possible behavior of prototypes that are usually 
much larger. The importance of residual 
stresses in various kinds of welded structures 
can only be known from records of comparative 
behavior in service of structures, stress relieved 
versus not so relieved. Lacking such knowl- 
edge it is fortunate that the present general 
viewpoint with respect to the necessity of stress 
relieving important welded structures is con- 
servalive, so there is little likelihood of any 
appreciable number of failures occurring in 
structures not stress relieved. 

We may never have a definite answer to the 
question of whether it is necessary to stress 
relieve the complete welded structure, or 
whether and under what conditions it may be 
proper to allow local stress relieving. Numer- 
ous factors, such as material, technique, size, 
rigidity and intended usage, constitute a system 
so complicated that our present knowledge can- 
not be expected to fix exact limits. 

As inferred from the above, the present con- 
servative viewpoint is warranted in view of the 
unreliability of experimental procedures and of 
the lack of comparative service records of stress 
relieved and un-stress relieved similar struc- 
tures. 

No welding procedure exists whereby 
residual stresses may be eliminated or even 
appreciably diminished in magnitude, unless it 
be a process of welding in which the parent 
metal is heated to plas- 
tic temperature prior to 
and during welding. 
The latter is only a 
special case of thermal 


stress-relief simultane- 
ous with the welding 
operation. Certain 
operations or proce- 
dures, however, may be 
extensively employed to 
reduce the accumula- 
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tion of strain and also reduce the extent of the 
metal with high residual elastic stresses. These 
may be briefly summarized as (a) procedures 
employing the minimum amount of deposited 
weld metal, and (b) procedures involving more 
moderate thermal gradients and more uniform 
temperatures along the length of the welded 
joint. The latter can be most readily obtained 
by preheating. 

Much apparatus has been built for the local 
stress relieving of girth joints in piping welded 
in the field. Efficient electrical heating units of 
the resistance heating or induction heating types 
have been developed which may also serve as 
preheating units. 

Considerable experimental data have also 
been obtained relating to the efficiency of stress 
relieving temperatures on welds of different 
tvpes of alloy steels. Further exact information, 
however, is necessary for determining — the 
optimum temperature for their stress relief. 


Clad Metals 
By Bruc © W. ( ionser 


i] 
Supervisor Meta urgist 


Battelle Mem rial Institute Columbus, Ohi 


OMETIMES it is desirable to utilize certain 

diverse properties of different metals by 
bonding them into a single unit. This may con- 
sist of nearly equal proportions (such as in 
utilizing differences in expansivity in building 
bi-metallic thermostat elements), or as a rela- 
tively thin shell or armor (as exemplified by ¢ 
vold clad base metal article). Such clad metals 


or bi-metals, which are similarly formed, differ 


from coated materials in that the constituent 
metals are united as separately formed parts, 
and this union is usually followed by some addi- 
tional forming operations. Coatings, of course, 
are normally built on a prepared base material 
by methods like electro- 
deposition, metal spray- 


ft ing and hot dipping. 
= The most common 
method of cladding 


flat products is to heat 
together clean sheets or 
slabs of the constituent 
metals and hot roll or 


press the composite to 


weld the adjacent faces. 
Usually this requires a 
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previous weld around the edges of the slabs, or 


the use of a suitable non-oxidizing gas or a flux 
to prevent harmful oxidation before a perma- 
nent bond is effected. Similarly, in place of 
welding or uniting the faces by interdiffusion, 
a joining material such as silver solder may be 
used to bond the metals. Once united, the 
composite slab may be hot or cold worked to 
desired dimensions. 

Another widely used method — the oldest 
one —- is to cast one metal around or against the 
face of a metal slab. Here again it is necessary 
to prevent oxidation at the interface. A gaseous 
or liquid flux is ordinarily used. Often the slab 
is preheated to improve the bond, and the final 
composite casting is rolled to size. Continuous 
casting of babbitt on steel strip is an important 
method of preparing metal for bearings. 

Among the miscellaneous methods now 
used for special purposes the following are 
considered of most importance. 

1. Cladding may be effected by criss-cross 
welding of one sheet to another, as by resistance 
welding or close spot welding. Fusion is local- 
ized at certain spots or strips on the interface 
but the bond is sufficient for many purposes. 

2. Sometimes the cladding material is 
perforated and, after fitting it tightly to the base 
metal, the holes are plug welded or filled with 
weld metal of the cladding composition. 

3. A cladding composition may be fused 
onto a base plate by an electric are or by other 
welding means. This effects a tight bond which 
needs litthe or no further hot work but leaves a 
rough surface which frequently requires dress- 
ing in some manner. An example is the hard 
facing of steels with stellite. 

Obviously, by changing the form of the 
materials, clad rod or wire and tubing are 
obtainable, although sheet, strip and plate are 
the most common forms of clad materials. Cop- 
per-clad steel wire, formed by the casting 
method and drawn to size, is an important 
commercial product, however, and tubing 
formed by drawing concentric tubes of different 
materials is not uncommon. Likewise, cladding 
may be on only one side or on both sides, or the 
final composite product may consist of several 
laminations, depending on how the original 
sandwich was built. 

To effect a better bond an intermediate 
material is sometimes placed between faces of 
the materials to be joined. Thus, by electro- 
plating relatively pure iron on stainless steel, 
high carbon steel, stellite, nickel, and the like, 


they are said to be more easily used as cladding 
materials on a mild steel base. Similarly, an 
intermediate laver of copper is useful in clad- 
ding silver to steel. An intermediate layer may 
be used to prevent excessive diffusion, also, as 
exemplified by the use of a thin sheet of nickel 
when pressing and rolling a sheet of 18-carat 
gold onto a planed ingot of copper or bronze. 

In recent vears the cladding of carbon steel 
with stainless steel has become of some impor- 
tance, but the cost of the operation has limited 
the field of application. The usual method is to 
place two slabs of 18-8 (or other analyses up to 
25°¢ chromium, 12‘ nickel steel) face to face 
in a mold with a thin separating layer, such as 
calcined magnesia, lime or tale to facilitate later 
separation, weld tightly around the edges, and 
cast the backing steel around these slabs. After 
rolling to size the edges are trimmed and the 
two units separated. The stainless cladding is 
usually nearly one quarter of the total thick- 
ness. In making tri-clad, with a stainless layer 
on both sides of a steel center, difficulties in oxi- 
dation and pickling are encountered on hot 
rolling, which, with the additional layer of 
chromium-nickel steel, raises the cost at present 
to that of solid stainless. Other ways of clad- 
ding with stainless steel were mentioned pre- 
viously under the miscellaneous methods of 
cladding. Clad sheets down to 18 to 20 gage 
and plates up to an inch and more in thickness 
are commercially available. 

Obvious difliculties arise in welding these 
clad materials but with proper precautions 
satisfactory joints can be secured. 

Aluminum clad materials, such as the well 
known alelad (duralumin clad with commer- 
cially pure aluminum), are important products. 
Considerable success has been attained abroad 
in making a thin cladding of aluminum on steel 
by roll welding. 

The cladding of precious metals on base 
metals is comparatively old, as in making “gold 
filled” jewelry by silver soldering the precious 
metal to a copper alloy base and rolling, but the 
extension of these older methods to electrical 
contact materials, thermostat bi-metals, and the 
like has vastly increased the importance of this 
industry. Among many of the miscellaneous 
applications are cladding or joining bearing 
bronzes to steel and making stainless steel lined 
copper vessels. New products of clad materials 
are being constantly offered as difficulties in 
bonding and working dissimilar materials are 
overcome and costs are reduced. 
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